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It has been the aim of the author to present in this book a compre- 
hensive treatment of the field of dairy husbandry. Although the book is 
designed primarily for use as a text for college students of dairy production, 
its usefulness is not limited to that field. Matters of general interest and 
concern as they relate to dairy husbandry are dealt wth in a manner 
deemed appropriate for general agricultural students as well. The book, 
therefore, is intended to furnish the material essential in each of two college 
courses — the introductory course in dairying usually offered to all agri- 
culture college students, and the course in dairy cattle management or 
milk production. Because of this, the subject matter is dealt >vith in two 
ways. 

The material other than that dealing with specific production problems 
is of a general nature. Only such information is presented as it is thought 
essential for the student to gain a concept of the entire dairy industry, its 
scope, its problems, and a knowledge of the general characteristics of 
milk and its products. In presenting this material only authoritative 
established facts are given, and references to specific experimental works 
are omitted. For the convenience of those seeking additional information, 
however, reference reading lists for each chapter are given in the Ap- 
pendix. Liketvise lists of questions concerning the essential facts and 
principles found in each chapter have been prepared for teacher and pupil 
use and are presented in the Appendix. Constant reference should be 
made to them. 

The problems pertaining to production are dealt with more e.xhaus- 
tively. It has been the object to present the latest and the most authori- 
tative information available on these problems in this part of the book. 
Results of experiments are frequently given and matters of a controversial 
nature are discussed, great care being taken to present valid evidence on 
all aspects of the issues raised. Thennost important literature dealing with 
these problems is cited in order that the student desiring to study more 
e.xhaustively may do so. 

The subject matter is presented not necessarily in the order in which it 
should be taught but rather in the order of logical development from the 
author’s point of view. First is a treatment of the historical and economic 
aspects which encompass and integrate the entire dairy industry. Follow- 
ing this broad general consideration is the author’s treatment of specific 
problems; first, of those related to production, and second of those having 
to do with the handling, care, and processing of milk and other dairy 
products. 

In preparing this book, it is also hoped that the wide scope of the ma- 
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It has been the aim of the author to present in this book a compre- 
hensive treatment of the field of dairy husbandry. Although the book is 
designed primarily for use as a text for college students of dairy production, 
its usefulness is not limited to that field. Matters of general interest and 
concern as they relate to dairy husbandry are dealt with in a manner 
deemed appropriate for general agricultural students as well. The book, 
therefore, is intended to furnish the material essential in each of ttvo college 
courses — the introductory course in dairying usually offered to all agri- 
culture college students, and the course in dairy cattle management or 
milk production. Because of this, the subject matter is dealt with in two 
tvays. 

The material other than that dealing with specific production problems 
is of a general nature. Only such information is presented as it is thought 
essential for the student to gain a concept of the entire dairy industry, its 
scope, its problems, and a knowledge of the general characteristics of 
milk and its products. In presenting this material only authoritative 
established facts are given, and references to specific experimental works 
arc omitted. For the convenience of those seeking additional information, 
however, reference reading lists for each chapter arc given in the Ap- 
pendix. Likewise lists of questions concerning the essential facts and 
principles found in each chapter have been prepared for teacher and pupil 
use and are presented in the Appendix. Constant reference should be 
made to them. 

The problems pertaining to production are dealt with more exhaus- 
tively. It has been the object to present the latest and the most authori- 
tative information available on these problems in this part of the book. 
Results of experiments arc frequently given and matters of a controversial 
nature arc discussed, great care being taken to present valid evidence on 
all aspects of the issues raised. Thc*most important literature dealing with 
these problems b cited in order that the student desiring to study more 
exhaustively may do so. 

The subject matter is presented not necessarily in the oitlcr in which it 
should be taught but rather in the order of logical development from the 
author’s point of view. First is a treatment of the historical and economic 
aspects which encompass and integrate the entire dairy industry. Follow- 
ing this broad general consideration is the author’s treatment of specific 
problems; first, of those related to production, and second of those having 
to do with the handling, care, and processing of milk and other dairy 
products. 

In preparing this book, it is also hoped that the wide scope of the ma- 


tcnal content therein wiIJ sene as an aid to the teaching of vocational 
agnculture in public high schools, particularly as a reference book For 
the same reason, and because of the fact that the practical problems con- 
fronting the dairy farmers have been extensively treated, it is hoped that 
the book will be of value to progressive dairymen 

Acknowledgment is gratefully made to Dr H C Trelogan, Assistant 
to the Administrator, Agncultural Research Administration, U S Dept 
of Agr , for contributing Chapters 2 to 9, dealing with the economic phases 
of dairying, to Dr E O Herreid, a former colleague, now of the Univer- 
sity of Illinois, for contributing the chapter of Microbiology , to the officers 
of the various breed associations for furnishing helpful information, to 
members of the dairy staff of the University of Minnesota, especially 
Dr T W Gulhckson, and to others for assistance and helpful criticism 
The 1950 edition of Dairy Science brings all charts and graphs up to date, 
presents the newest procedures and methods relating to dairying, and 
gives references to recent journals and publications 

W E Petersen 
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Chapter I 

E HISTORy OF DAIRYING 


It is not known just when the cow first became the servant of 
man nor when milk and milk products were first used This, undoubtedly, 
came to pass long before man had advanced far enough to leave perma- 
nent records The historians, archaeologists, and paleontologists, however, 
have found evidences of various kinds indicating that the domestication of 
the cow and the use of her product goes back to the time of the early 
development of the human race Before her domestication the cow was 
probably hunted by the savage and barbarian early man 

The evidence reveals that the extent to which cattle were used and the 
kind of uses made of them vary greatly with the different peoples and 
cultures It is known that the cow has served man through the ages as a 
beast of burden, as a source of food, as an object of worship, as the source 
of sacrificial offering, and as an object of mythology Milk and milk 
products have been used for food, for sacrificial offerings, for cosmetics, 
and for medicants A general knowledge of the early uses of the cow and 
her product, together with information regarding the early practices, will 
furnish a background for the study of the development of dairying In 
addition, these facts are of general historic interest 

Dairying in ancient Mesopotamia The oldest u ritten records of man 
go back to three ancient cultures, those of Mesopotamia, ancient India, 
and Egypt Of these the cuneiform writings of the Sumerians of old 
Mesopotamia are generally regarded as the oldest, going back to 6000 b c 
From these ivritmgs and from ancient drawings and carvings, particularly 
a reccntl) found relief frieze, it is apparent that dairying was highly de- 
veloped by the ancient Sumerians The relief frieze found in the rums of 
a temple in Ur of Mesopotamia and said to date back to 3100 b c depicts 
the act of milking and the handling of milk (Fig 1 ) From this one sees 
that the cows were small and had short horns and small udders These 
cows were milked from behind — a procedure still followed b> many 
African tribes — and a calf was placed in front of the coiv during the 
milking Both of these practices were supposed to induce the cow to let 
dow n her milk At the left the milk is being poured from the flasks (into 
which It was drawn) into a funnel, presumably a strainer Two other 
vessels are seen — one that might be a churn, and another with a pointed 
bottom which Huber suggests is used for the storage of butter The 
presence of two attendants m pricstlike garb suggests the association of 
the dairy vsith the temple Other records indicate that the Sumerians 
fermented milk — a practice still followed by the people of Eurasia — and 
on the basis of all available evidence, the Sumerians are credited as the 
first to make butter 
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Fig 1 Ancient dairying and mythology {Upper) Reproduction of a relief 
frieze found in the ruins of a temple m Ur and said to dote back to 3100 B C 
(Lower) Depicting the myth of old India in which the sea of milk is churned 


Dairying in ancient India Sanskrit, the ancient language of India, 
has handed down information about the early use of dairy products in 
that civilization Records dating back to 2000 b c indicate that the people 
of India were raisers of cattle, and particularly of dairy cattle Butter was 
used both as a food and as the most holy offering to the gods of ancient 
worship The cows then, as today, were considered holy and had free run 
of the cities and countryside Even the cow urine was considered holy, 
and was sprinkled on the face each morning by the devout 

From ancient India come the first records of evaluating dairy cows on 
the basis of their milk producing abiUties The Hmdu, who was one of 
the largest users of butter in ancient times, was probably the first to use a 
twirling butter chum 

Dairying in ancient Egypt The ancient Egyptians left evidences of 
their interest in dauy mg in their writings and carvings, and in remains m 
tombs Milk, butter, and cheese were uwd b) the Egyptians as early as 
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3000 B c The opening of ancient Egyptian tombs has unearthed numerous 
carvmgs portraying cattle and dairy practices In a tomb dating back to 
about 2500 b c an alabaster vase was found that contained butter oil 
From the carvmgs found m the early tombs are revealed the types of 
cattle, ways of mUkmg, and other interesting facts The Eg>’ptians milked 
cows from the side rather than from the rear, as did the ancient Sumerians , 
but like the Sumenans they placed the calves in front of the co%vs during 
milkmg with their front legs tied Three different types of cattle are 
portrayed hornless, short horned, and long horned Marked differences 
in the sizes of udders indicate probable great variation in production 
ability The ancient Egyptians also deified cattle The god "Ptah” revealed 
himself as a bull 

Old Testament references to dairying When the Israelites followed 
the Sumenans, dairying retrogressed, yet the Old Testament has some 
forty references to cattle References to milk, butter, and cheese are also 
found, of which the folloiving are noteworthy 

Book of Genesis 18 8 “And he took butter, and milk ” 

Judges 5 25 “He asked for water and she gave him 
milk ” 

King David, m Psalms 55 21, said “The words of his 
mouth uere smoother than butter ” 

Isaiah 7 22 mentions milk and honey and butter as food 

In the First Book of Samuel, Isaiah ordered his son, David, to take ten 
cheeses to the captain This book also refers to the bnngmg of fermented 
milk and one sheep and cow’s milk cheese to King David It is now 
generally believed that the word butter as used m the Old Testament did 
not refer to butter but rather to a soft cheese 

Dairying in ancient Switzerland While there are no written records 
to bring us the facts, excavations indicate the existence of an ancient 
culture m what is now Switzerland These people who dwelt along the 
lake shores were known as “Lake Dwellers ” Excavations have revealed 
not only many skeletons of cattle but also cheese making equipment that 
is estimated to date back to 4000 b c 

Roman and Greek dairying The Greek records go back to about 
1550 B c , and the Roman records to 750 b c Numerous writers of both 
Greece and Rome have left rather complete records, particularly toward 
the beginning of the Christian era Milk and cheese were important parts 
of the diet of these people, but most of the milk used came from goats m 
ancient Greece and from sheep m ancient Italy , and apparently very little 
from cows Butter was not us^ as food but only as ointments and mcdi- 
cants Hippocrates (460—377 n c ), the noted physician, prescribed butter 
as a saUe for bums and wounds Gallemus (a d 131-201) also classed 
butter as a medicant, prescribing it for baths The art of cheese making 
was wdl developed, and manv treatises were vvTitten on the subject 
WnUei lists SIX or seven great agricultural writers from about 500 b c to 
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the Christian era who dealt cxtensivel> with the making of cheese Many 
different types of cheeses are listed, and it is interesting to note that 
Columella, writing about 60 a d , descnbes the making of cheeses tvith 
spices added, such as chives, peppergrass, dill, and savory 

While the Romans and Greeks did not use butter for food, their neigh- 
bors about them did Herodat (484-425 n c ) describes the making of 
butter for food by the Scythians They shook marc’s milk in hollow tree 
trunks until “butyron,” as they called butter, gathered on top, after which 
the buttermilk was curdled for cheese The probable reason for the 
Romans and Greeks not using butter is that they had a great deal of 
olive oil to use Butter as a food in Italy is not even mentioned as late as 
the thirteenth century 

Dairying from the beginning of the Christian era to modern times. 
This discussion is confined mainly to Eurpoe, as no particular development 
or advancement of dairying took place in Asia or Afnca during this time 
By the beginning of the Christian era milk and cheese were used for food 
throughout Europe, but butter was, m the mam, reserved for ointment 
purposes Milk cattle were to be found all over Europe in the early part of 
this era, and cheese making was well developed in Gaul (France), the 
Netherlands, and Helvetia (Switzerland) The earliest reports of the ex- 
tensive use of butter are of the Celtic people in Ireland in the fifth century 
These people packed butter in casks and buned it m the peat bogs for 
“ripening,” and occasionally, even now, some of these casks are unearthed 
with the butter still in a good state of preservation In the seventh century 
m France cheese was a common article of the diet, but butter was used 
only by the upper class Norway, the first countr> to use butter extensively, 
began using it in the eighth century She was also the first country to 
export butter, m the thirteenth century, and was followed by Holland in 
the fourteenth century 

In 1412 the butter coming into Paris was mixed with garlic The pro- 
duction of quality butter began in Holland, this butter soon becoming 
famous all over Europe Winkler tells of the cheese consumption in 
Switzerland cloisters in the twelfth to fourteenth centuries These data 
show that the per capita consumption of cheese was between 25 and 50 
kilograms per year Apparently cheese consumption was the highest in 
history during this period, starting to decline at the beginning of the 
seventeenth century, when butter consumption began to increase At this 
time the rotating churn, developed in Flanders, gave an added impetus to 
butter making 

One of the great shifts in dairying, therefore, was the development of 
the butter production wth a small decline in cheese Excluding the in- 
vention of the rotating churn and the development of a sy stem of cleanli- 
ness, there were no marked changes in the dairy development until after 
the middle of the nineteenth century Long before the nineteenth century 
many famous cheeses were developed, such as the Roquefort cheese 
kno%'n in 1078, Brie, in 1500, Cheshire, in the twelfth century, Em- 
mentaler, long before this, and Schabzieger, in 1464 
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Dairying in the beginning of the nineteenth century. In order to 
realize the tremendous changes that have taken place in dairying in recent 
times one must consider the dair> practices at the beginning of the nme* 
teenth century While the dairj cows were more highly developed than in 
the periods past, there were no purebred breeds as knoun today Very 
little was knmvn about scientific feeding or management Milk was used as 
fluid milk or made into cheese or butter, there were no other dairy 
products 

Fluid milk The market for fluid miik and cream was very limited 
because the per capita consumption was low and people living in towns 
and even cities kept the "family cow,** which was pastured adjacent to the 
totvn Since the transportation facilities were limited to horse and wagon, 
\t was necessary that the farms producing milk be located near the market 
The producer did his own delivering of the milk All milk sold was raw 
and was measured from a large container into ivhatever the purchaser 
provided as a receptacle 

Butter All butter was churned on the farm where it was produced 
The milk was set in shallow pans in a cool place to permit the cream to 
rise to the top, when U was skimmed The cream w as ripened by natural 
"sourmg,” which was often speeded up by the addition of "sour” butter- 
milk The chums vaned from the plunger type to numerous vanations of 
the rotating types , all of them, of course, were propelled by human pow er 
The butter varied greatly, most of it being of inferior quality The pro- 
duction was the greatest in the spring when the cows were on pasture, 
and, as there were no refrigeration facilities for storing surpluses, a de- 
moralized market resulted The size of the dairies was limited , this limita- 
tion was due to the fact that a large amount of space was required for 
pans for setting the milk, and to a number of other factors 

Cheese All cheese, like butter, was made on farms Because only fresh 
milk could be used for cheese making and a large amount of milk was 
required for a single cheese, severed neighbors ha\ mg but small amount 
of milk frequently pooled their supply in the making of cheese Other 
farms having enough milk made cheese daily The rennet used was ex- 
tracted on the farm from calves’ stomachs and, therefore, vaned greatly 
in strength Like butter, cheese, too, varied greatly in quality 

Dairying today. Dairying today is m marked contrast to that of a 
hundred years ago in the improvement of the cattle and the management 
practices on the farm The increased use of dairy products, the gradual 
disappearance of butter making and cheese m^ing on the farm, the 
devdopment of many new dairy products, the establishment of factoncs 
wth sanitary practices, the specialization both on the farm and in the 
factory, the multitude of scientific devices used m the standardization of 
quality, and the well-established marketing systems are examples of the 
progress that has been made 

Fluid milk Market milk is today produced mainly on specialized dairy 
farms under sanitary conditions specified by rigid milk ordinances Some 
is sold as raw milk, as Grade A, Grade B, and as certified, under rigid 
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inspection, but the major portion is sold as pasteurized milk It is sent 
into great processing plants where it is standardized, pasteurized, and 
bottled, later to be delnered at the doorstep of the consumer 

Milk for fluid consumption may now come from several hxmdred miles 
distant It IS shipped by truck or train in cans or glass lined tanks \Vhile 
milk ma> come from long distances, the producers of market milk are 
usually concentrated around the large consuming centers, although they 
arc not as close as the> wereyearsago Cream frequently comes from more 
distant areas than does the market imlk Surplus milk m market milk 
areas is used for various by products, being sent to large concentration 
plants equipped to manufacture various products from milk 

Bulter The manufacturing of butter is now done, in the mam, m 
modem factories employing skilled butter makers The cream is produced 
on the farm from the skimmmg or separatmg of milk and is brought to 
the factory by truck In the most modem factones, careful chemical and 
biological control measures are employed in neutralizmg, pasteunzmg, 
ripening, and churning the cream and in packaging the finished product 
As a result, the chermcal composition of butter has been standardized and 
the quality has been greatly improved 

Cheese Cheese making, likewise, has been transferred from the farm to 
plants located in the cheese producing areas where skilled cheese makers 
arc employed Here, too, techmeal control measures arc used in the various 
phases of manufacturing and cunog cheese Much of the cheese produced 
finds Its way to processing plants where, through patented processes, it is 
reworked, blended, and flavored with various flavonng materials, to be 
sold under various trade names Such products arc usually referred to as 
process cheese In recent years most of the more popular foreign types 
of cheese have been successfully reproduced in this country 

Other daiTj/ products The most outstanding changes in the dairy industry 
ha\ c been the dev clopmcnt of a number of other products and of uses for 
them This had its beginning with the condensing of milk m 1856, followed 
by the manufacturing of dried milk and milk products and the manu 
factunng of casein, lactose, and ice cream Some of the largest dairy plans, 
arc those engaged in manufacturing these products, none of which were 
known a century ago The use of these products has greatly extended the 
dairy field, and a much greater extension is antiapatcd through further 
development of uses for dned milk and milk products 

Factors responsible for modem dairying There arc numerous rea- 
sons for the changes that have taken place The relative contribution of 
the difTcrent factors are v aned and difficult to ev aluate, and m some cases 
It IS not clear which is the cause and which u the efl’cet The contributions 
of science and education arc the most noteworthy, and under ihu heading, 
not in sequence of importance but for the convenience of discussion they 
may be listed as the following factors ’ 

1 Improvement of dairy cattle 

2 Development ofsaenufic feeding and management 
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3. Development of the sdcnce of nutrition 

4. Development of bacteriology 

5. Development of chemistry 

6. Inventions 

7. Development of agricultural education 

8. Extension and other educational and promotional 
organizations 

9. Development of marketing organizations 

Many of these factors have contributed to an increased consumption of 
dairy products, and an increased consumption of dairy products, in turn, 
has become an incentive to furthering scientific investigation. A brief 
summary of each of these factors is made at this juncture. 

Improvement oj dairy cattle. The great improvement of dairy cattle is 
shown by the following table, which gives the average annual production 
per cow in pounds of milk. 

Average Annual Milk Production eor Cows in titc 
United States 


Yeax 

No of Covs 

Pounds 

1910 

20,625,000 

2,902 

1917. 

22,894,000 

3,716 

1921 . . 

21,408,000 

4,336 

1925 . . 

21.508.000 

4,218 

1930 

22,218,000 

4,508 

1934 .... 

25.198,000 

4,033 • 

1935.. 

24,187,000 

4,184 

1940. . 

23,677,000 

4,625 

1945. . 

25,329,000 

4,797 

1948 •• 

22,935,000 

5,036 


* Tbe lover production per cow in 1914 Is due to tie ezteoMve and 
sn ere droui^ht of tltat )ear 

•• 1948 figures are prelimmary 


The stimulus for improvement came from the formation of the breeders* 
associations for the various breeds, beginning about 1860. Men of influence 
in political and business affairs then became interested in breeding and 
importing superior stock. Prentice suggests that Darwin’s work, The 
Origin of the Species, which appeared in 1859, w’as also a factor, since it 
gave hope for the evolution of superior forms of dairy cattle. The first 
private record was made in 1870, of a Holstein. Records were later devel- 
oped into official testing. Subsequent making of world’s records did much 
10 make dairymen conscious of the desirability of high production. Sons 
of high producing dams came into great demand, and w-hile this is not 
the best method of selecting superior germ plasm, it did much to improve 
dairy cattle. 

Tlie development of interest in the show' ring and public production 
contests held at fairs, both of which were supported by the breed associa- 
tion beginning in 1870, must also be credited with material influence on 
the improvement of daily’ cattle. The work of the great English breeders, 
Bates in improring the dairy quality of Shorthorns, and Daunecy and 
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Duncan in establishing a larger Jersey, also had its effects At present the 
application of the pnnciples of the science of genetics to dairj -cattle 
breeding is effecting still further impitnement 

Development oj scievltjic Jeeding and management The steady increase in 
a\crage production per coi\ must be attributed not only to unproiement 
by breeding, but also to improved feeding and management The funda- 
mental work b> many v.orkcrs on the nutrient requirements for cattle, 
which took form in what is known as fccdmg standards, focused attenuon 
on feeding and the need for adequate nutrient intake of cows for milk 
production This resulted in better feeding and higher milk production 
The establishment of experiment stations where numerous trials were 
made of the effects of \ anous rations and management practices upon 
milk production must also be listed as an important factor in mcreased 
milk production per cow 

Devilopmert oJ the science oj rjtntion The fundamentals of proper nutri- 
tion have long been under investigation, and man> of the findmgs have 
aided the promotion of dairying by shovnng the lugh nutniive value of 
milk and m products The greatest impetus giv cn by this sacnce to the 
dairy industrv was through the discovery of vitamins and the realization 
that milk is a good source of these nutritional elements Following this, 
much work has appeared on the high nutntivc v’alue of milk and its many 
products The vulue of the scientific evidence m fav or of milk as a food 
has been no small factor in increasing consumption As a result of all the 
work done, milk has been shown to be the most nearly perfect food, one 
that is practically indispensible for children 

Dezelcfrrert oj kactaiology The discovery of microorganisms m milk m 
1841 by Fuchs marks an important point in the development of dairying 
No other science u more intimatclv associated wiih dairying, from the 
production of milk on the farm to the manufacturing and handling of all 
dairy products, than u bacteriology Through this science dairying has 
learned the control of organisms that dctcnoraie dairy products and the 
development of organisms essential to the manufacture of those products 
depending upon micoorganisms, such as cheese, cultured milks, ripened 
cream, and many others 

The discovery of pasteunzation by Pasteur is hailed as having had a 
more profound influence upon the dairy industry than any other smgle 
discovery 

Df-tUpmrrt ej thei-nitj Without the contnbutions of the chemist it 
would Ijc impossible for modem dairying to exist m its present form MUk 
IS boucht and sold on the basis of its fat content as determined by the 
PvlKock test, which was dcvxloped m 1890 by Balxrock (The Gerber test 
which was discovered alxnii the same time, w u<ed in Europe.) Nearly 
all dairy products must meet standards of composition, all determined by 
chemical methods In addition to tests for fat ««13 for acidity, total sohds 
cavrm and lactose are commonly wd There arc also many tesu for 
puntv and d'^icrioration of the vinous dairy products, used liy control 
agencies Tlieae tesu are of tncakulable value in detectng and preventing 
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adulteration of dairy products Chemistry is also indispensable in the 
development of the many processes used in making different dairy prod- 
ucts 

InvtnliQns Of inventions that have had an important bearing on the 
dairy industry the Babcock test has already been mentioned Another is 
the centrifugal separator invented simultaneously in 1878 by Winstrup 
and Nielsen, and DeLaval, this separator did aivay with skimming by 
hand and permitted larger dames The inventions of condensed milk, 
made by Gail Borden in 1856, and of equipment for drying milk by both 
the drum and spray processes have opened a new outlet for dairy products. 
The invention of artificial refrigeration and the establishment of cold- 
storage plants have been very effective in leveling out prices throughout 
the year by permitting the storing of surpluses of peak production periods 
The perfection of railroad refrigeration permits shipping for long distances 
To these must be added the invention and development of the milking 
machine, cooling devices, churns and workers, pasteurizers, homogenizers, 
clarifiers, ice cream freezers, automatic bottling and carrying equipment, 
bottle and can washers, and a host of other pieces of equipment that are 
now taken for granted and without which the industry would be very 
different 

The first Jactones The factory system which is so characteristic of the 
modern dairy industry is of comparatively recent ongm The first cheese 
factory was established in 1851 by Williams m Oneida, New York In 
1871 the first creamery was established by Stewart in Iowa The first 
condensery was built m Massaic, New York, in 1 856 The first milk-drying 
plant was built in Fayetteville, New York, in 1905 The first co operative 
creamery was started in Clarks Grove, Minnesota, m 1890 

Education Education has influenced dairying in two wa>'s first, m 
training people for the technical work m the production and in the proc- 
essing of dairy products, and second, in teaching people the value of dairy 
products as food The former function of education has been instrumental 
m bringing about more economical production and greatly improved 
quality of the products The latter has been a big factor in the increased 
consumption of dairy products 

Education is effected through many agencies The most important are 
the agricultural schools and colleges that tram and educate large numbers, 
many of whom become teachers of \ocational agriculture in secondary 
schools and county agricultural agents, who with the extension experts 
of the various states carry the knowledge to the masses Breed associations, 
state dairymen’s associations, state dairy councils, and the National Dairy 
Council all carry on educational campaigns for the increased use of dairy 
products, these campaigns ha\e been very effective 

The agricultural press, too, has been an important factor in the develop- 
ment of dair> mg Through its medium many of the dev elopment programs 
have been sponsored Much credit is due them for disseminating the 
findings of experiment stations 

The first dairy school was organized in German) near Berlin m 1717 
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Prior to that time and dating back a d 300 to 400 the monasteries were 
the chief sources of information on matters pertaining to dair>nng In the 
United States the first state agricultural college was established m Michi- 
gan at Lansing by an act of the State Legislature, February 12, 1855 
In 1853, the New York Legislature incorporated “The New York State 
Agricultural College,” but the institution was not established until 1868 
when Cornell University was founded * 

Deielopmenl of maTkeiing orgamzottons With the development of the dairy 
industry to take care of the increasing demand there were periodic sur- 
pluses which resulted in demoralization of pnccs and loss of market for 
many In order to cope with this situation, milk producers’ associations 
w ere formed around most large milk-consuming centers These associations 
attempted to stabilize the market by regulating the amount of milk going 
to the market and by removing surpluses for by products In Minnesota, 
where the co-operative creamery movement started, a large number of the 
co-operative creameries joined into what is known as the Land O’ Lakes 
Co-operative Creamenes for marketing their output In Wisconsin the 
cheese producers have a similar organization for the marketing of cheese 
^Truz, Alfred Charles Hutory of Agnculture Education 



Chapter 2 

ECONOMICS OF MILK PRODUCTION* 


In man’s struggle for existence he soon learned to depend upon 
domesticated animals and plants for the major part of his food supply. 
One of the first animals developed for this purpose was the cow As 
man has forged ahead in his methods of living he has become more and 
more dependent upon cows* milk as food, until today milk and milk 
products constitute an essential part of his diet As a means of satisfying a 
greater number of his wants man has learned to resort to specialization 
m the production of goods Through the development of specialized 
production, the dairy industry, which has for its purpose the supplying of 
his needs for milk and its products, has evolved as a substantial part of his 
economic system 

At first dairying, like every other industry, was relatively simple The 
milk was merely obtained from the cow and consumed m its ^a^v state 
But this IS in decided contrast to dairying as it is practiced today m the 
United States The influence of specialization has aflfected the dairy 
industry to the extent that the obtaining of milk is now just the first step 
in the complex process of producing dairy foods With the gradual devel- 
opment of large centers of concentrated population that are dependent 
upon outside and often remote sources of food, the dairy industry has 
become divided into separate and distinct production stages Under the 
old system all the functions of the industry were performed on the farm 
Under the present production system most of the processing functions are 
earned on m specialized plants, and the farmer is permitted to concentrate 
upon the production of raw milk only Thus, dairying is now conducted, 
for the most part, by assembling the milk obtained from many farms into 
processing plants from which the products emanate into the distribution 
system 

The organization of the dairy industry is extremely complex Tne raw 
matenal, milk, is produced under the many diverse conditions existing 
on all types of farms From this source it takes numerous courses in reach- 
ing the ultimate consumer, who may buy it m many forms and product 
To simplify the discussion of the dairy mdustry it must be divided into 
convenient parts, the first of which is logically the production of milk 
Therefore, this chapter will deal with the economics of milk production in 
the United States, and the following seven chapters will be concerned 
with dairy products 


* Harry C Trclogan Ph D , Assistant to the Administrator, Agncultural Research 
Administration, U S Dept of Agr , contnbuted this chapter 

IS 
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DEMAND 

Production of any product takes place only if it satisfies a demand, and 
It IS most likely to continue if it is in response to an indispensable need 
Man’s most urgent need is food, and of his different kinds of food, milk 
and Its products, taken as a whole, arc among the least dispensable For 
this reason the permanency of the dairy industry is assured 
The size of the dairy industry, however, is subject to some change, 
depending upon variations in demand for its products Demand for milk 
IS derived from the demands for all dairy products, such as market milk, 
butter, cheese, and ice cream, which people desire and consume to a 
greater or lesser degree according to circumstances \Vhen all these 
constituent demands are considered it is found that the primary factors 
which influence the total demand for milk are (1) number of consumers, 
(2) their customs and habits of consumption, and (3) their ability to buy 
what they want 

Population. The number of people in this country has increased very 
rapidly The present rate of growth, however, is lower than during the 
early development of the country, so future increases in demand for milk 
due to this factor will not be so pronounced as they have been in the past 
Ko decrease m population is anticipated within the near future, so demand 
for milk will hardly decline from such a cause, but is likely to increase for 
some time to come 

Habits of consumption With the increased knowledge of nutrition 
revealed by scientists in the last several decades, the value of milk and its 
products in the diet have been recognized more fully than ever before 
As information concerning ener^ value, vitamin content, and digesti- 
bility of foods has been divulged, milk has been rated most favorably 
Results of repeated experiments substantiating its value have been widely 
publicized, and as effective educational methods have been used to dis- 
seminate these facts, dairy products have acquired a more prominent place 
in the consumer’s diet Approximately one fourth the weight of food 
consumed by the average person is now made up of milk products The 
per capita consumption of these products expressed in terms of milk 
equivalents is about 94 gallons or a little more than 800 pounds a year 
While consumption of different dairy products has changed to a marked 
degree, total per capita consumption of milk and milk products has been 
subject to relatively little change from one year to another, rarely fluc- 
tuatmg by more than 2 or 3 per cent except dunng war years when 
diversions to overseas use caused abnormal reductions in domestic con- 
sumption This indicates that total demand for milk is relatively constant 
compared with other foods 

Ability to buy. The ability of consumers to buy dairy products de- 
pends upon the relationship between the pnees of these products and 
consumers* incomes As incomes increase, people tend to spend more for 
dairy products and thus increase the total demand for milk Although low 
income groups tend to spend a greater share of their incomes for these 
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Fig 2 Total number of dairy cattle and the number of milk cows per 
capita, U S , January 1, 1900 to 1947 inclusive 


products, their total expenditures per family are less than those of con« 
sumers in the higher income brackets This would indicate that as incomes 
rise or fall dairy products prices must ri«c or fall accordingly in order to 
maintain consumption at the same level If prices of dairy products are 
kept high relative to the income level, they will have a gradual depressing 
effect upon the demand for milk m spite of the effects of favorable public 
ity and advertising designed to increase consumption Low prices, of 
course, would have the opposite effect, but consumption of milk Wl be 
most stable if prices of dairy products are flexible enough to react quickly 
to changes m demand caused by changes in consumers* incomes 

SUPPLY 

In response to the demand for milk and dairy products in the United 
States nearly five million American farmers keep cows They produce 
about 120 billion pounds of milk each year, of which some 3}^ billion 
pounds IS sucked by calves and spilled or wasted on farms The remainder, 
plus some 2% billion pounds of milk produced by cows not on farms, 
leaves a total supply of some 119 billion pounds of milk available in this 
country The number of cows and the production per cow determine the 
amount of the supply 

Number of cows There were on Januarj 1, 1949 about 24 5 million 
coivs and heifers two years of age and over It is estimated that the total 
number of dairy cattle (including, besides the cows, the bulls and the 
replacement stock of calves and heifers under tivo years of age) was 38 0 
million head In addition to these there was a large number of dual- 
purpose and beef cattle that could produce milk on occasion, but nearly 
half of the 78 5 million cattle on farms on Januax) 1, 1949 were kept 
primarily for dairy purposes 

A rather steady increase m the total number of dairy cattle has charac- 
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F(g 3 This graph shovw the pounds of feedgroin one pound of butterfat 
will buy U S overage based on farm prices These tome data are shown 


temed the history of dairying m this country (Fig 2 ) This increase can 
be accounted for, m the Eoam, as a response to the demands of a grossing 
population Within the last three decades htnses'cr, four periods of decline 
hase occurred Only slight decreases occurred in 1921 and the penod 
from 1925 to 1928, but a significant decline began m 1934 and continued 
to i938, and another significant decline began m 1945, extending through 
1948 With the population of the country Icseling out, these periods of 
alternating increases and decreases m dairy -cattle numbers are more apt 
to occur in the future Several factors which mav affect these fluctuations 
Can be distmguisbcd because of the influence they have had in the past 
They include (1) prices of dairy products, (2) feed supplies, (3) cyclical 
fluctuations, (4) abnormal circumstances, and (5) go\ eminent programs 
Prtces Since prices tend to bring the supply of milk coming to market 
into equilibrium with the demand, fanners attempt to adjust their pro- 
duction according to the existing price That is to say, when the farm pnee 
for milk IS high farmers tend to produce more, and, conversely, to produce 
less when prices are low Since a fauly definite margin costs between the 
farm pnees of milk and the pncc3 of dairy products there is a close relation 
ship between the two, and the farm milk pnee is, m a sense, a reflection 
of dairy products pnees on the retail market But the actual milk price is 
of little consequence it is the relationship between the farm price of milk 
or butterfat and the farm pnees of other agricultural products that m 
fluences farmers io expand or coatiact their dairy production by keepmg 
more Or fewer cows Dairy prices tend to be more stable than the pnees 
of other agncultural products Consequently, when the prices of all 
agncultural products fall, the lanncrs usually keep more cows because 
their mOk pnees do not go down so rapidly or so fer as the other pncea 
This fact was well illustrated m the beriming of the last depression Be- 
tween 1929 and 1933 the index of farm prices for dairy products declined 
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only 54 points v/hile the gram price index fell 76 points During this same 
period the number of dairy cattle on farms increased from 33 5 million 
to 39 0 million head The opposite situation occurred after 1 944 when cow 
numbers declined despite rising prices, because other prices tended to nse 
more rapidly and further than dairy pnces 
Feed supplies Feed supplies have a direct effect upon the number of 
dairy cattle maintained on farms When feed supplies are plentiful, with 
resultant low prices, farmers find it more profitable to convert the feed 
into animal products than to send it to market directly From 1921 to 
1933 the pnces of feed grains were low compared with those of dairy 
products, but after the droughts of 1934 and 1936 this situation was 
reversed and feed grams were relatively higher in price This relationship 
helps to explam the changes in cow numbers that occurred dunng these 
penods The butterfat-feed ratio illustrated m Figure 3, which expresses 
the pounds of gram required to buy one pound of butterfat, is a useful tool 
for follow mg this relationship from year to year 

Cyclical fluctuations Some evidence has been presented by statisticians 
to show that a cyclical fluctuation in the rather steady upward trend in 
cow numbers has occurred m the past Withm the last two decades this 
cyclical fluctuation m dair> cow numbers has become pronounced and 
evidently follows closely the beef cattle cycle which has long been recog- 
nized The existence of cyclical changes m the numbers of other livestock 
on farms, notably hogs sheep, and poultry, is further evidence that such 
fluctuations m dairy cattle may be expected to become more clearly 
defined m the future 

Cyclical changes m livestock numbers are engendered by farmers 
adjusting the size of their herds in response to price changes Once started, 
the cyclical pattern is established and cxplamed on biological grounds 
Cow numbers cannot be increased rapidly because it takes several years 
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from the time cows arc bred until hctfcr calves arc raised to maturity. 
Consequently, the da!r> CQ^\ cjcle may be expected to resemble the beef- 
cattle cycle, which is about 14-16 years in length 

AbnoTTfiol ciTcuTTisioncts Violent disruptions in the economic system 
caused by natural forces, such as irregulanties of weather, or by human 
activities, such as wars or depressions, have marked cfTects upon the cattle 
population They are placed under the category of abnormal circum- 
stances because their influence is usually brought to bear indirectly 
through prices, feed supplies, and the like The effects, best illustrated 
by the stimulated production during the last two wars and contracted 
production during the drought of 1934, are <\uitc drastic and continue to 
influence cattle numbers for years afterward The interrelationship be- 
tween casual factors often makes the exact magnitude of their separate 
effects indeterminate, but the original stimulus is easily traceable to the 
underlying cause On the assumption that history repeats itself, dairy 
farmers must be alert for these unpredictable but recurring circumstances 
and anticipate their results 

Government programs Government programs designed to assist farmers 
in making necessary adjustments in production have also had significant 
effects on dairy cattle numbers Most notable of these have been the disease- 
control programs combating tuberculosis and Bang’s disease In the 20 
years from 1927 to 1947 nearly four million tuberculosis reactors, the ma- 
jority of which were dairy cattle, were exterminated The number of 
cattle eliminated for this reason, however, has dropped to small propor- 
tions in recent years Slightly more than three million dairy cattle were 
slaughtered m the Bang’s disease eradication program from 1934 to 1947 
The Government emergency livestock purchases after the drought of 
1 934 also reduced the number of dairy cattle by an estimated one and one- 
half million head In addition to these governmental activities that have 
had direct effect upon dairy-cattle numbers, other agncultural programs, 
such as that of the Agricultural Adjustment Administration and the Soil 
Conservation Program, have affected them indirectly through influence on 
the amount and quality of feed supplies and on agrveuhuTal puces in gen- 
eral These programs are apt to increase dairy -cow numbers in the future 
as they make more feed, especially roughage, available for conversion to 
animal products 

Milk production per cow The total supply of milk can be varied a 
great deal without any change in the number of cows by effecting changes 
in the production per cow Annual average milk production per cerw was 
4,475 pounds in the ten year period, 1934 to 1943 By 1948, it reached 
5,000 pounds for the first time Most of the variation in annual production 
per cow which has fluctuated within a range of 1,000 pounds over the 
past 20 years is attnbutablc to changes m feeding practices of dairy 
farmers Dairymen tend to use more roughage and pasture and less 
concentrate feeds when the butterfat feed ratio is low 

While favorable price ratios induced farmers to feed more concentrates 
than ever before following World War II, part of the recent increase in 
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production per cow is explained by improved breeding and feeding prac- 
tices. Dairy’ herd improvement programs, the use of proved sires and 
artificial insemination, and the adoption of soil conservation measures 
resulting in higher quality hay and pastures have all contributed. Ad- 
vances due to these causes may be expected to be durable and to be con- 
tinued. 

A much greater fluctuation in the average production per cow is 
entirely possible. This is indicated by the differences between sections of 
the country and by the record of cow testing associations. 

As may be noted in the table below, annual average milk production 
per cow in the Western states is nearly 6,300 pounds while in the South 
Central states the average is little more than half, or 3,322 pounds. This 
variation is partly due to differences in the milking quality of the cows, the 
amount and quality of feed, and the proportion of milk sucked by calves — 
factors which farmers could readily adjust if their desire to produce more 
or less milk were urgent. 


Estimated Miix Production Per Cow by Sechovs of 
tse Country 1934 and 1947 * 


Seclwn* 

1 

1934 

1947 

North Atlantic, .. 

5,161 

5,591 

East North Central 

4,613 

5,675 

West North Central 

3,769 

4,898 

South Atlantic 

3,250 

4,112 

South Central 

2,741 

3,322 

Western 

5,177 

6,292 

United States 

4,033 •• 

4,997 


• Ib itm Bad m tMtuie tttmnces these seeUOBs todude the foUevug s Wk 

Maine, Hampshire, Vetmoot, Massachusetts, Rhode Uand, Coo- 
Decticut, New Votk, New Jerej, Penosyhanu 

Eorf ^OTlh Ctntrot — Ohio. Indiana. Utioois. Micbigan, VVisconsia 

West y«rtk Central — Minnesota, Iowa, ^usoun. North Dakou. South Dakota, Ne- 
braska, Kansas 

Saath AlAinftc— Delaware, Mairland, tuginia. West \irguua, Nonh Carolina, South 
Carolina Georgia, Florida 

Sautk Centrsi— Kentnckx. Tennessee, Aiabania. Mississii^, Arkansas, Tnni..i»Ti« Okla- 
homa, Texas. 

W eslrrn — Nlontana, Idaho. Wyoming, Colorado. New Mexico, Amona, Utah, Neiada. 

W ashiDjnoD, Oregea, California. 

•• The lowest production per cow in more than 20 years. 

In SO far as variations between areas are caused by differences in the 
breeds of cattle and in types of dairying practiced, they are less sus- 
ceptible to adjustment and will always exist. Nevertheless, the differences 
need not be so great, and there is ample room for increased production 
even in those sections ^rith the present high averages. 

When it is realized that record cows arc producing over 35,000 pounds 
of milk in a year, an average annual production of 5,000 pounds seems 
pitifully small. Naturally the average could not be expected to approach 
the record figures, but some idea of hov\ much it could be raised in practice 
can be estimated from the performance of herds on the records of the cow- 


‘ Bureau of Agricultural Economics, U. S. Dept. Agr. 
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testing asscxiiations, which are kept to assist farmers m identifying their 
poor cows so that they can be culled out In 1920 these tested cows pro- 
duced on the average 5,989 pounds of milk and 247 pounds of butterfat 
By 1944 the average production of 561,587 covss had been raised to 8,296 
pounds of milk and 336 pounds of butterfat 

Another indication that points to possible future increases in milk 
production per cow through breeding and similar programs is obtained 
from the table below which compares progress made with several agri- 
cultural commodities 


Production Per Unit op Selected Farm Products, Annual 
Avtiraces 1925-1929 and 1945-1946 utth Comparisons 


Pioduet 

Ud t 

192S-19I9 

194$ 1946 

Per Ceot 
Increase 

Potatoes 

Busbeb per acre 

113 6 

169 6 

493 

Tobacco 

Pounds per acre 

7734 

1,124 0 1 

AS3 

Cotton 

Pounds per acre 

171 1 

242 2 

416 

Corn 

Bushels per acre 

264 

349 

32 2 


Number per layer 

93 

118 

269 

Putterfat 

Pounds per cow 

1740 

192 7 

10 7 

Milk 

Pounds per cow 

4437 

4 844 

92 


Breeding research and experunentation with large animals such as 
dairy cows is very slow and expensive compared with small plants or 
animals It takes at least five years from the time of conception to get a 
measure of productivity of the offspring of a dairy animal compared with 
less than two years for an annual plant or a bird, such as a chicken Conse- 
quently, the adoption of the same genetic principles and practices would 
naturally bring much slower results with dairy cows and bulk Further 
application to dairy cattle of the methods demonstrated with small plants 
and animals promises still higher production per cow in the future 

Since a point is reached m the feeding of cows beyond which further 
increases m milk production can be obtained only at costs that exceed the 
value of the milk, it must not be inferred that greater production per cow 
IS m Itself a desirable goal Instead, dairymen should seek the optimum 
production point at which highest profits can be obtained ProducDon 
records have clearly demonstrated that cows with inhcntcd characteristics 
for high milk production are the most profitable animals to feed For this 
reason the conclusion is drawn that a higher average production per cow 
is desirable Too much emphasis should not be given to high production 
records for individual cows that have been obtained by feeding to the 
utmost without regard to cost The performance of an entire producing 
herd is of more significance than the performance of one or a few selected 
animals In general, dairymen stand to benefit more through elimination 
of low producing “boarder” cows from herds than they do from the 
intensive feeding of all cows 

Cow s per capita The number of covss per capita has followed a dc 
dining trend since 1900, averaging well over 20 cows per hundred people 
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during the first half of the period and somewhat under 20 cows per 
hundred in the last half. (Fig. 2.) Per capita consumption of milk has been 
maintained over this period despite a reduction in cows per capita because 
of the increase in the milk production per cow that has been achieved. 

RELATION OF DAIRYING TO AGRICULTURE 
To comprehend the true importance of dairy production in American 
agriculture it is necessary to view the part it plays in the agricultural 
picture. This cannot be presented simply in terms of the total number of 
dairy farmers, cows, or pounds of milk, but requires an insight into the 
role that dairying plays in individual farm enterprises and the return 
that farmers receive from this part of their work. 

Distribution of dairy cattle by areas and kinds of farms. Dairy cattle 
are more widely distributed on farms than any other plant or any other 
animal except chickens, for more than 70 per cent of the farmers keep at 
least one dairy cow. The principal reasons for the universal distribution 
of dairy cattle are: (1) they are subject to relatively little restriction due 
to soil and climatic conditions, (2) they offer a convenient side line for 
most types of farming, and (3) they are efficient producers of an essential 
human food. 

Every part of the country has a substantial dairy-cattle population 
because cows are adaptable to all except the most extreme climates and 
are able to thrive on a Avide variety of feeds. Since cows are good foragers 
and efficient users of roughage they have comparative advantage in those 
areas where the topography of the land is not suitable for extensive culti- 
vation and where pastures are plentiful. This is a partial explanation for 
the fact that the cow population is most dense in the North Central states. 
(Fig. 4.) In other areas that arc suited for specialized production of 
particular crops, such as cotton and tobacco in the South or wheat and 
com in the Midwest, dairying is carried on more as a side-line enterprise. 

As one travels away from centers of concentrated population he observes 
first the large dairy herds which produce market milk, next the herds 
which supply market cream, then the somewhat smaller herds further out 
which produce milk for concentrated milk products, later the cows which 
produce milk to be converted into cheese and butter, and finally the one- 
and two-cow farms where milk is produced on a self-sufficiency basis. 
Thus, he sees how dairying fits into extensive and intensive farming systems 
because of the many ways in which milk is used and the ^vide variety of 
forms in which it ultimately finds its way to market. The traveler will 
note, however, that the cows arc not uniformly distributed about the 
population centers but are concentrated more in those regions that are 
best adapted to dairy production. As a result, the butter and cheese areas 
may be far removed from market centers, which are located in regions 
that are disadvantageous for dairying. 

Dairying can be practiced intensively — that is, on high-rent land, close 
to the cities, where the cows arc confine in large herds and fed a great 
proportion of concentrated feeds for high production, somewhat as 
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Fig. 4. Milk cows and heifers 2>year$-old and over, April 1, 1940. 

machines are fed raw materials — in the production of market milk. There 
are, hmvcvcr, relatively few specialized dairy farms of this type. If it is 
assumed that dairy farms, strictly defined, derive more than 40 per cent 
of the value of their products from dairying, only about one-tenth of all 
the farms would qualify for this category and about 65 per cent of the 
milk cows would be found on other types of farms. Only 170,000 farms 
have herds of 20 cows or more, and less than 530,000 farms keep from 10 to 
1 9 cows. The vast number of herds, more than three million, are made up 
of nine cows or less. (Sec tabic below.) 

Jinx Cot\’ Herds Ciassified Accorodjc to Size akd Pzucextage 
or Herds, Cons Miixed and Total Jinx Adduced 
IN Each Site CtASsmcATios — 1944 ' 


C^s Ezi Hekd 



KoS 

10 to 19 

20 or Store 

Total 

Number of herds . ... 

Pet cent of herds 

Number of cows milked 

Per cent of cows milked 

ililk produced (thousand Mllons) 

Per cent of toul mdk produced 

3,783.872 

844 

10,632,193 

46.7 

4.902411 

38.5 

526,615 

11.8 

6,833,999 

300 

4,025.798 

31.7 

170,867 

5,290,493 

23J 

3.791,628 

29.8 

4,481,384 
1000 
22,756,687 
1000 
12,719.737 
100 0 


The highest proportion of the large herds is found in the Pacific Coast, 
North Eastern, and North Central states around the large centers of 
* 1945 Cerma of Agriculture. 
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population In these localities the demand for market milk is sufficiently 
great to justify the added expense involved m producing milk under such 
conditions This is true because imik is a bulky, perishable commodity 
subject to sanitary regulations prescribed by city health departments 
which require that it be obtained from a supply area sufficiently close to 
the market to permit prompt delivery As a result of the added costs m 
volsed in meeting these quality requisites, market milk usually receives 
a substantially higher pnee than milk going into other uses and this 
permits farmers close to the city to engage m intensive milk production 


Production of Milk and Number of Producing Cons by 
Section of the Coitctry, 1945 * 


Sectiqn 

Sfux PsoDccnov 

1 NuvBcx or Cows 

Mill OQ Pouads 

Per Cent 

Tbousands 1 

per Cent 

North Atlantic 

18,778 

15 5 

3 228 

12 7 

East North Central 

36 109 

29 7 

6481 1 

25 6 

W est North Central 

28 719 

23 6 

6 276 

24 8 

South Atlantic 

7644 

63 1 

1939 

77 

South Central 

16 298 

13 4 

5 095 

201 

^^esteTn 

13 956 

115 

2 310 

91 

Total 

121 5M 

1000 ' 

25 329 

1000 


Although many smaller dairy herds are engaged m market milk pro- 
duction, the four- to ten cow herds arc most prevalant in the butter and- 
cheese producing areas of the North Central states, where dair> mg is best 
adapted to diversified fanning conditions which provide home grown 
feeds and ample pasturage for the cows Of the farmers who keep cows, 
nearly 40 per cent have from four to ten cows, and nearly half keep only 
one to three cows The majonty of this latter group is located m the 
Southern states where many farmers produce just enough milk to supply 
their own needs Slightly more than twelve million cows are in herds 
milking ten cows or more, compared with slightly less than eleven million 
cows in herds milking feiver than ten 

Milk production and distribution oj cattle by areas and leading stales Differ- 
ences in the number of cows and in the milk production per cow between 
sections of the country contribute toward even greater differences m the 
amount of milk produced, because the Southwest with the smallest num 
ber of cows also has the lowest milk production per cow As indicated m 
the above table, the South Atlantic states are least important in total 
milk production, while the East and West North Central states com- 
bine to produce over half the total imlk supplv 

The ten leadingstates m milk production are listed in the following fable 
in the order of their importance, together with the number of producing 
cows located in each of these states They produce 58 per cent of the milk 
with 52 per cent of the cows It will be noted that the states rank quite 
differently in milk production and number of cows Here the effect of 
' Bureau of Agricultural Economics U S, Dept Agr 





machines are fed raw materials — in the production of market milk. There 
are, however, relatively few specialized dairy farms of this type. If it is 
assumed that dairy farms, strictly dehned, derive more than 40 per cent 
of the value of their products from dairying, only about one-tenth of all 
the farms would qualify for this category and about 65 per cent of the 
milk co\vs would be found on other types of farms. Only 170,000 farms 
have herds of 20 cows or more, and less than 530,000 farms keep from 10 to 
1 9 cows. The vast number of herds, more than three million, are made up 
of nine coavs or less. (See table below.) 


Miix Cow Heuds CiASsmED According to Size and Percentage 
or Herds, Cows Miuieo and Total Milk Produced 
IN Each Size Classipication — 1944 ‘ 



Cows Pe> IleKs 


1 to9 1 

ID to 19 1 

20 or tfore I 

Toul 

Number of herds 

Per cent of herds. 

Number of cows milked 

Per cent of cows milked 

Milk produced (thousand gallons) 

Per cent of total milk produced . . 

3.7a3.872 

84.4 

10,632,195 
46.7 ! 

4.902311 
383 

526,645 

11.8 

6,833,999 

30.0 

4,025,798 

31.7 

170,867 
3.8 1 

5,290,493 
233 

3,791,628 

29.8 

4,4813S4 
100.0 
22,756,687 
100 0 
12,719,737 
1000 


The highest proportion of the large herds is found in the Pacific Coast, 
North Eastern, and North Central states around the large centers of 
* 19<5 Census of Atjriculturc. 
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population In these localities the demand for market milk is sufficiently 
great to justify the added expense involved m producing milk under such 
conditions This is true because milk is a bulky, penshable commodity 
subject to sanitary regulations prescribed by city health departments 
which require that it be obtained from a supply area sufficiently close to 
the market to permit prompt delivery As a result of the added costs in- 
volved m meeting these quality requisites, market milk usually receives 
a substantially higher price than milk going into other uses and this 
permits farmers close to the city to engage in intensive milk production 


PRonucriQv or Milk and Number or Producing Cons by 
Section of the Country, 1945 * 


Section 

Max Pbodcction j 

1 NpvBEaopCows 

Million Pounds 

Per Ont 

Thousands 

per Cent 

North Atlantic 

18 778 

45 5 

3,228 ' 

12 7 

East North Central 

36 109 

29 7 

6 481 

25 6 

West North Central 

28 719 

236 

6 276 

24 8 

South Atlantic 

7644 

63 

1,939 

77 

South Central i 

16 298 

134 

5 095 

201 

■Western 

U,9S6 

115 

2,310 

91 

Total 

121 504 

100 0 

25 329 

1 100 0 


Although many smaller dairy herds arc engaged m market milk pro- 
duction, the four- to ten-cow herds are most prevalant in the buttcr-and- 
cheese producing areas of the North Central states, where dairying is best 
adapted to diversified farming conditions which provide home grown 
feeds and ample pasturage for the cows Of the fanners who keep cows, 
nearly 40 per cent have from four to ten cows, and nearly half keep only 
one to three cows The majonty of this latter group is located in the 
Southern states where many farmers produce just enough milk to supply 
their own needs Slightly more than twelve million cows are in herds 
milking ten cows or more, compared with slightl> less than eleven million 
cows in herds milkmg fewer than ten 

Milk production and distribution oj cattle by areas and leading states Differ- 
ences m the number of cows and in the milk production per cow between 
sections of the country contribute toward even greater differences m the 
amount of milk produced, because the Southwest with the smallest num- 
ber of cows also has the lowest milk production per cow As indicated in 
the above table, the South Atlantic states are least important m total 
milk production, while the East and West North Central states com 
bine to produce over half the total milk suppl) 

The ten leading states in milk production are listed in the follow ing table 
in the order of their importance, together with the number of producing 
cows located m each of these states The> produce 58 per cent of the milk 
With 52 per cent of the cow's It will be noted that the states rank quite 
different!) m milk production and number of cows Here the effect of 
* Bureau of Agricultural Economics, U S. Dept Agr 
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milk production per cow is striking Because of low productivity per 
cow Texas, ranking third in number of cows, is tenth in milk production 
California has fewer cows than any of the other states listed and is also 
surpassed by Missouri and Indiana, but it still ranks seventh in milk pro- 
duction because of high productivity per cow 


Ten Xeahinc States is Mnx raonociios anu the Nwber or 
PxoDiciNC Cobs, 1945* 


1 Muk r»Qorcno^ 

Ninraxa or Cows 

Statx 

Kuk 

AHl on 

Per Cent ol 

U S Total 

Rani. 

Thous^s 

Per Cent ol 

U S Total 


1 

15 442 

12 7 

1 

2 455 

97 


2 

8 625 

71 

2 

1 665 

6 6 


3 

8,172 



1,362 

5 4 


4 

6 702 




5.3 


5 

5 777 



1,111 



6 

5 741 



1,027 



7 

5 720 




3 1 


8 

5404 



965 



9 

5 335 





Texas 

10 

4 286 



1410 

56 

Total 

- 

71204 

[ 586 

- 

13 218 

522 


Advantages of dairying The fact that over half the farms which 
maintain dairy cattle ha\ e less than one fifth the milk cows is attributed to 
the complementary and supplementary advantages obtained from dairy- 
ing in a diversified farming system Diversification rather than speciali- 
zation is the rule in agriculture because of the dutinct advantages that are 
to be gained by combining supplementary or by product enterprises with 
the mam enterprise of the farm These advantages include (1) more 
complete untilization of labor and fixed cost elements, (2) fuller utilization 
of by products, (3) reduced nsk from uncertain markets and adverse 
weather, and (4) less transportation and merchandising cost 

Suppltminlajy adianlagts A supplementaiy cnxcrprise is one that tends 
to make fuller use of the available production elements Cows tend to do 
this in so far as they draw upon available feed and labor Practically every 
farmer, from the truck gardener engaged in intensive production to the 
xvheat grower on the extensive margin, has roughage that can be fed to 
livestock and converted into human food The cow is recognized as the 
leading farm animal in the use of roughage She can use hay for feed and 
straw for bedding, and also such other farm by products as low grade 
cereals, corn fodder, and pastures that might otherwise be wasted She is 
also a good forager and adapts herself to many kinds of feed which she 
converts into useful and marketable food products 

The small dairy also makes efficient use of labor available on the farm 
Tendance of the cow is usually classed with the chores because u does not 
interfere with the regular fann work Nor does it conflict with seasonal 
1 Bureau of Aencultural Economic U S Dept. Agr 
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labor demands, since much of the labor around the dairy can be done in 
the winter and the slack seasons when other labor requirements are low. 
Thus, dairying tends to regulate labor requirements in such a way that 
hired help can be used the year round and, therefore, a more desirable 
kind of help can be employed. It has the further advantage of furnishing 
opportunities for employment of the whole family, thereby adding to the 
farm income. 

Complementary advantages. Cows have complementary advantages in the 
farm organization because they contribute elements of production in the 
form of supplies: namely, food, feed, and fertilizer. Every farmer is a 
consumer of milk. Nearly one-tenth of the milk produced is used on farms 
as whole milk and cream, another 5 per cent is used for making farm 
butter, and about 2.6 per cent is fed to calves. Per capita consumption of 
milk and dairy products is higher among farm people than among city 
people. In many instances, cows are kept solely to supply farm require- 
ments for milW and butter; while in others they produce a commercial 
surplus during certain seasons; but even when family consumption is 
incidental to commercial production cows have a distinct complementary 
relationship. In areas where cream is shipped to market either for market 
cream or butter, the skim milk is often utilized on the farm as feed for other 
livestock, notably hogs and poultry. When skim milk is fed to hogs as a 
feed supplement, its value per hundredweight is conservatively estimated 
as being equal to three and one-half pounds of tankage plus seven pounds 
of com. 

The importance of dairy cattle m maintaining soil fertility becomes 
greater after agriculture is well established. In the extensive farming 
practiced in new-farming areas production is often limited to soil-depleting 
crops, such as cereals, because farmers are not immediately confronted 
with the need for soil conservation. But as farming continues and becomes 
more intensified the fertility of the soil must be restored and maintained. 
Here dairy cows perform yeoman service. An average dairy co^v produces 
15 tons of manure a year; this contains most of the nitrogen, phosphorus, 
and potassium from the feeds. The value of the manure depends upon the 
kinds of feed and bedding used, but in any case it is, when handled 
properly, an important source of the essential chemical elements and the 
organic matter required by the soil. In so far as legumes are included in the 
crop rotation of the farm as a source of daity' feed, the complementary 
value of the dairy enterprise in maintaining soil fertility’ is enhanced be- 
cause of the nitrogen-fixing powers of those crops. 

Reduced risks. Most income from farm enterprises is of a seasonal nature, 
depending upon crop harvests and market periods for livestock and live- 
stock products. Dairy income, on the other hand, is continuous throughout 
the year, coming in the form of regular milk or cream checks. Thus, 
dairying tends to level out the farmer’s income as well as place his eggs 
in more than one basket. Furthermore, dairying is influenced less by 
seasonal weather abnormalities than are crops, and the income tends to be 
more stable — because of the more dependable production, as well as the 
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greater stability of Odiry prices In periods of serious crop damage the 
dairy enterprise often affords an opportunity for farmers to salvage un- 
marketable or unharvestable crops as feed for the cows During the 
drought of 1934 examples of this were legion in the stncken areas, where 
stunted fields of grain were used for pastures before they were completely 
ruined 

Reduced markeUng costs When dairy animals are able to utilize home 
grown feeds or furnish supplies for the farm costs of transporting, buying, 
and selling these commodities arc eliminated In a sense, cows are kept to 
convert bulky grains and roughages into a less bulky human food, milk, 
which has a higher specific value Thus, the cost of transporting and 
marketing farm produce is reduced when u is taken to market in the form 
of milk and cream 

Efficiency of the cow The fundamental purpose of livestock on farms 
is the transformation of plant products into more desirable forms of food 
for human consumption That type of livestock which can utilize the 
largest yielding crops and return the greatest proportion of the nutrients 
in the form of human food is the most efficient The dairy cow has proved 
to be the most efficient farm animal In the first place, cows excel in the 
use of roughage, and roughage, especially m the form of alfalfa, clover, 
or com silage, yields larger amounts of digestible nutnents per acre than 
concentrated feeds such as oats, barley, or wheat In the second place, 
the milk produced from 100 pounds of digestible nutrients contains more 
edible food solids than any other livestock product IVhen milk is con- 
verted into cheese and butter and the skim milk or whey is wasted , the 
cow as a producer of edible solids is surpassed by the pig, but even butter 
and cheese can be produced more efficiently than eggs, poultry, mutton, 
or beef, the principal rivals of milk among Jivcstcwk products 

Income from dairying Milk and dairy products brought to farmers a 
cash income of more than 4 4 billion dollars and a gross income (including 
value of milk products consumed in households on farms where produced) 
isf 5 3 bjJivsn doJAsn? iD 3945 Bui, 

and the changing pnee level, the number of dollars received is of little 
consequence in measuring the true importance of dairy income as a part 
of the total farm income When pnees change not all commodity prices 
change at the same tune or to the same extent therefore, it is more useful 
to measure the proportion of the farm income that is derived from dairy 
ing This point is well illustrated by the events of the last two decades 
In 1929 the gross return from milk and dairy products at the farm was 
2 32 billion dollars, in 1932 it was only 1 28 billion dollars, and by 1946 
It rose again to 4 42 billion dollars This was a drop of 45 per cent in 
three years and a rise of 245 per cent in the next 14 years But during this 
same penod the percentage of the total agricultural income obtained from 
milk increased from 19 5 per cent m 1929 to 23 6 per cent m 1932 This 
means that during the period of declmmg prices dairying took a relatively 
more important position with respect to farmers’ income After the sue 
cccding nse the situation was reversed, and the gross farm income trom 
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milk m 1946 %vas 16 3 per cent of the total agncukural income (exclusive 
of govemment payments) 

The return from no other single crop or livestock product comprises so 
large a fraction of the agricultural income as does that from milk The 
cash income from dairy products sold from farms, which is normally about 
80 per cent of the gross income from milk, makes up one-fourth to one- 
third of the cash income from all livestock and livestock products It is even 
more significant that the total income from the dairy enterprise, which 
includes the return from slaughtered dairy animals as well as from milk, 
accounts for one-fifth the agricultural income 

Dairy income depends for the most part upon the volume of milk pro- 
duced and the prices received for it The increased volume of milk pro- 
duction, together with the relative stability of dairy pnccs durmg the 
depression, accounts for the increased importance of the dairy income 
dunng that period But the farmer’s real wages are determined by the 
purchasing power of his mcome, which depends upon the prices of dairy 
products relative to the pnees of other products, particularly those the 
hirmcrs have to buy In the past two decades, with the exception of 1945 
and 1 947, dairy prices have consistent!) remained high compared with the 
average for all products, and the purchasing power has also been higher, 
using 1909-14 for base comparisons, as is indicated m the following table 


Index Numbers of Prices Received and Paid by Farmers 
(August 1909 to July 1914 100) > 


Yea* 

Fuexs IlECErVED 

Puces Pas> *y 
Faxvexs roK 
CoHMoorrTES 

Ratio or Puces Receiv'ES to 
P uexs Pajd 

Duty Froducls 

All Products 

Duiy Products 

All Products 

1928 

165 

151 

155 

106 

97 

1929 

164 

149 

154 

106 

97 

1930 

142 

128 

146 

97 

88 

1931 

111 

90 

126 

88 

71 

1932 

86 

68 

108 

80 

63 

1933 

87 

72 

108 

81 

67 

1934 

101 

90 

122 

83 

74 

I93i 

111 

109 

125 

89 

87 

1936 

125 

114 

124 

101 

92 

1937 

130 

122 

131 

99 

93 

1938 

114 

97 

123 

93 

79 

1939 

110 

95 

121 

91 

79 

1940 

119 

100 

122 

98 

82 

1941 

139 

124 

131 

106 

95 

1942 

162 

159 

152 

107 

105 

1943 

193 

192 

167 

116 

US 

1944 

198 

195 

176 

112 

111 

1945 

197 

202 

180 

109 

112 

1946 

242 

233 

202 

119 

115 

1947 

269 

278 

246 

109 

113 

1948 

297 

287 

264 

112 

109 


Since the base period 1909 to 1914, however, relative costs of produc- 
tion of different products have been altered considerably The table re- 
* AmaiituTe S ( tUuttct , U S Dept. Agr 
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Fig 5 Prices received by formers of the U S for various dairy products, 
1924 to 1946 

fcired to earlier showing changes in production per unit suggests that 
costs of production in dairying have not declined as rapidly as with some 
other types of agricultural production This would mean that dairy prices 
would have to remain higher than other farm product prices based on 
1909-1914 comparisons, if dairymg is to be as remunerative as other farm 
enterprises 
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Because of the varying amounts of milk produced in different sections of 
the country and the different uses made of milk, the proportion of the total 
cash farm receipts derived from milk and dairy products varies a great 
deal between states. Vermont, representing the upper limit, receives more 
than 60 per cent of its agricultural income from milk, wHle North and 
South Carolina, at the lower extreme, each gets less than 5 per cent from 
this source. In general the Northeastern and North Central states rank the 
highest and the Southern states the low^t with reference to these propor- 
tions. 

Because of the price differentials between various dairy products, the 
particular use for ^vhich milk is produced influences the return that is 
obtained. Figure 5 illustrates the price differentials existing from 1924 to 
1946. Farm prices for milk usually decline as the distance from the city 
markets increases because of differences in quality requirements for the 
milk, transportation costs of the various products, and production facili- 
ties on the farms. For this reason the average price of milk is higher in 
those states containing large urban populations. When prices fluctuate the 
prices of milk going into the different products do not change simultane- 
ously or to the same extent. During the price decline from 1929 to 1932 
butterfat prices fell 60 per cent, whereas whole milk sold wholesale 
dropped 48 per cent. Surplus milk produced in the fluid milk areas 
during this period was converted into less perishable products, mostly 
butter. The butter market, therefore, bore the brunt of the price decline 
for the industry. During the upswing from 1932 to 1937, however, the 
price of butterfat increased 85 per cent while whole milk sold wholesale 
increased 54 per cent. These v'arious reactions affected the price spread 
which normaUy exists between milk going into the different products, and, 
hence, between the areas producing them. 

CHARACTERISTICS OF THE MILK SUPPLY 
Just as prices differ between areas, the methods and practices of pro- 
duction that are associated with the different kinds of milk outlets vary. 
Distinctive characteristics of the milk supply which are not uniform in zJJ 
areas include (1) seasonal fluctuations, (2) breeds of cattle, and (3) costs 
of production. 

Seasonal fluctuations in supply. In addition to long-time changes in 
supply that are due to fluctuations in cow numbers and production per 
cow, the milk supply is subject to seasonal and short-time variations. 
Seasonal fluctuation follows a pattern that is illustrated in Figure 6. 
Allowing for the fewer days in February, the movement is distinctly up- 
ward from November and December to May and June, depending upon 
the section of the country. The peak of pnxluction occurs in the spring 
when pasture grass becomes available. During the hot months of July and 
August, when pastures decline, production falls off sharply until the low 
point is reached usually in October of November. In general, the quantity 
of milk produced is above average from April to August, and below 
average during the other seven months of the year. 
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Fig 6 The seasono) index of milk production in *‘*rrc whole milk 
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to times of shortage, the 
farmers are encouraged 

to produce a uniform quantity of milk the >ear around Producers take ad- 
vantage of price premiums offered for uniform supplies by having their 
coivs freshen at different periods and by adjusting their feeding practices to 
secure a steady milk floiv These farmers generally use a high proportion of 
concentrated feeds and silage with relatively little pasture, so that such ad- 
justments are not hard to make Outlying producers who ship tnilk to 
creameries, condensenes, and cheese factories rely more upon pasture 
feeding, and the good pasture months of May and June are accompanied 
by the highest production During July and August pastures tend to be 
come dry and provide much Jess grass These farmers avoid having coivs 
freshen in late summer and fall months, ^ production declmes until the 
silos arc opened and more cows freshen In these areas production costs 
tend to be appreciably lower during the spring and summer months, and 
the savings obtained by means of a heavy seasonal production arc justified 
because the butter and cheese can be stored for consumption in periods 
of deficient milk supply 

Short-time changes in milk supply Short time changes m milk sup- 
ply are relatively insignificant They are seldom sufficiently great to have 
drastic effects upon the milk market, and then only in localized temtoncs 
While a single cow’s milk production may be reduced noticeably from 
one day to the next, the total production of a number of cows does not 
change materially over a short period Most abrupt changes in market 
supply are caused by severe weather resulting m floods, or m muddy or 
snow blocked roads which interfere with the regular transportation of 
milk to market In some cases milk strikes and similar disturbances have 
the same effect on the supply, but enough milk to fill the most urgent 
needs of a market is always made available 

Distribution of breeds of cattle Another factor exerting a character- 
isuc effect upon the milk supply of any temtory is the breed of cattle 
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which predominates in the producing area Differences in production per 
cow and butterfat test of the milk are associated with the proportions 
of the breeds in the herds Breed preferences appear to depend largely on 
the climatic, pasturage, and feed conditions, and on the purpose for which 
the milk is used The high-producing, low-testmg cows of Holstein extrac- 
tion are most prevalent in the areas supplying market milk Over half the 
cows in the North Atlantic states are of the Holstein type, and the majority 
of the Ayrshires are located m this territory The high-testing Jerseys and 
Guernseys are more prevalent in the East North Central states m the 
butter and cheese areas, but the proportion of Jerseys is highest in the 
South In the butter -producing areas of the West North Central states 
Shorthorns and other dual-purpose breeds are more prevalent 

A definite relationship exists between the size of the herds and the breed 
preferences of the farmers Most of the one-cow farms have cows of Jersey 
extraction, and this breed prevails in the herds containing less than five 
cous Holsteins, on the other hand, are found m greatest proportions m 
the large herds Cows of the Shorthorn type find their greatest use in 
middle-sized herds of from six to ten cows 

Cost of production. The cost of milk production is b> no means a fixed 
or determinable quantity because of the wide range of circumstances under 
which milk is produced Costs incurred by producers in the North Atlantic 
states are not comparable with those m the North Central states The 
North Atlantic producers buy three quarters of the gram and concen- 
trates, which they feed in large proportions rather than transport bulky 
roughages They have to conform to stneter sanitary regulations, pay 
higher wages, and contend with relatively greater costs than do the farm- 
ers in the North Central states, who buy only one-fifth of their concen- 
trates and produce milk more as a side line Neither arc the costs between 
individual farms any more similar than arc the efficiencies and abilities 
of the farmers or the contours and productive capacities of the lands A 
cost analysis requires that so many assumptions and arbitrary calculations 
be made regarding such items as rates of interest and wages, values of 
manure and skim milk, and rents of crop and pasture lands that no ac- 
counting methods have yet been devised by which the cost of producing 
a hundredweight of milk m any area can be determined with any high 
degree of accuracy Cost estimates based upon umform accounting meth- 
ods from year to year are, nevertheless, useful and reliable to indicate 
the direction and general magnitude of change from one period to another 
Despite difficulties of determining the exact production costs, there is 
ample reason to believe that the costs of milk production arc higher than 
need be Tliat poor, neglected pasture lands deficient in soil fertility are 
used IS a matter of common knowledge throughout the country The fact 
that a large number of ‘‘boarder” cows is causing the average milk pro- 
duction per cow to be only a fraction of what it might be is also well 
known These conditions, together with the existence of large surpluses 
in the Eastern milkshcds where it is uneconomical to produce milk except 
for immednte fluid consumption, arc some of the fictors ob'served which 
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lead to the conclusion that there is much room for the improvement of 
production efficiency in this country 

Quality of the milk supply. No change in the milk supply has been 
more manifest than the improvement m quality Through continued ef- 
forts of health authorities and progressive dairy leaders, market milk 
supplies are subjected to rigid specifications and requirements that have 
brought about better housing for the ammals and more sanitary condi- 
tions for handling the milk 'With the almost universal introduction of 
pasteurization supplementing these other quality improvements, infant 
mortality and morbidity and epidemics due to milk-bome diseases have 
been reduced to a minimum Improv cd transportation and refrigeration 
facilities have brought larger amounts of clean, high quality milk \vithm 
reach of the consumers Quality improvement campaigns conducted 
among the cream producers and the trend toward whole milk creameries 
have raised the average quality of milk going into other dairy products 
Disease eradication programs have reduced the number of animals in- 
fected with tuberculosis to less than 1 per cent and have made progress 
toward the control of Bang’s disease m dairy herds The bcttenncnt of 
the milk supply thus attained has fostered consumers’ confidence m miUc 
as a food, and has stimulated the demand for all dairy products 
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MILK DISPOSAL BY FARMERS 

Several ways of disposing of his mlk are open to every farmer. 
The first choice which confronts him is one of selling the milk or keeping 
it himself; or, rather, as is the case with most farmers, it is a question of 
how much should be kept at home and how much should be sold. If the 
decision is made to keep the milk at home, it may be used as whole milk 
or cream in the farm household or be made into farm butter and cheese, 
and either whole milk or skim milk may be fed to calves and other live- 
stock. If milk is to be sold, the farmer must then decide whether it is to 
be sold as whole milk or cream. These decisions are made after the farmer 
takes into account the amount of milk he has available, the markets within 
his reach, the facilities he has for handling the milk on the farm, and the 
returns which he can obtain from it in each of the alternative uses. These 
returns are, of course, dependent upon the market prices for milk and 
cream and the utility he has for cither whole milk or skim milk on the farm. 

In this day of specialization little milk processing is done on the farm, 
and therefore all farmers, taken collectively, send four-fifths of their pro- 
duction to market as whole milk or cream. \Vcll over half the milk is just 
strained and cooled and sold at wholesale prices to milk dealers, cheese 
factories, condenseries, or whole-milk creameries. One-fifth is separated 
on the farm and the cream is sent to milk dealers or creameries. Nearly 
5 per cent of the milk is botded on the farm and distributed to consumers 
by the farmer producers themselves. The table on page 34 shows the 
quantity of milk handled in these dificrent ways in 1947. 

USE OF MILK BY URBAN CONSUMERS 
Farmers determine the ultimate use of only that quarter of the milk 
which they keep at home; the use of the other three-quarters is governed 
by consumers’ preferences for the different dairy products that appear 
on the market. Manufacturers and distributors of dairy products serve as 
middlemen, taking the raw materials from the farm and making and 
distributing the products which consumers desire. It is part of their 
function to allocate milk to its best uses, but their judgment in doing this 
is influenced by the consumers’ demands, which in turn determine the 
prices that can be charged and the profitableness of different dairy manu- 
facturing enterprises. 

By far the largest portion of milk produced in 1947 was consumed as 
fluid milk or creatn. Next in importance \s’as the amount used to make 

* Ha^ G. Trelogan, PhD., Assistant to the Adonnistrator Agricultural Research 
Administration, U. S. Dept, of Agr., contributed this chapter. 
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Faruebs' MrrnoDS or Diswjsinc or Mnx in 1947 • 


Vm 

stOhM 

Per Cent 

Used on the farm 



^^’ho]e milk or cream 

12.295 

103 

Farm churned butter * 

5302 

43 

Fed to caUea 

3328 

2.7 

Sold from the (arm 




966 

03 

Retailed as milk and cream 

5,178 

44 

Wholesale cream deh'enes* 

20,969 

17 6 

WTiolesale milk dehsenes 

71,127 

59 7 

Total 

119,065 

lOOO 


• Eiptntnl 4« •bole Bulk 


Burcku of Agricultural Ecoqouucs, U. S. Dept. Agr. 
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creamery and farm butter. Prior to the last war the quantity of milk 
separated and churned to make butter closely rivaled the quantity used 
for fluid milk and fluid cream. While both farm and creamery butter 
production have declined substantially, the prospects are for some re- 
covery in creamery butter production but a continuation of the do^vnward 
trend in farm butter. 

Relatively less important products have absorbed the rest of the milk 
going to market. These include cheese, ice cream, and dried, condensed 
and evaporated milks, which together take less than one-fourth of the 
total milk production. The item for ice cream shown in the classification 
of milk uses presented in Figure 7 includes other frozen dairy foods, such 
as sherbets and iced milks, but it is somewhat understated because it 
does not include the milk equivalent of other dairy products, such as 
butter and condensed milk, that are frequently used to make ice cream. 
This classification takes into account only the chief products of milk 


Total Supply and Uttlization of Milk in the 
U. S., 1937-1941 Average, and 1942 xo 1947* 
(Million Pounds) 
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36.142 
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1 30.620 

28.065 

24,145 
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8.694 
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■ iDcludesan ftIJowance o( 2,826 million pounds for milk produced fay coirs not on (arms, ifacsamc asta 1930 
when Information on this item was Ian ofaUiord * lochides dry cream, mailed tniJk, dry part skim milk tad dry 
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any inaccuracies of inuepcndently detemiined use estimates 
* Includes milk sherbets a^ ice milk 


* Bureau of Agricultural Economics, U. S Dept. Agr. 
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which have the common characteristic of containing butterfat, milk’s most 
valuable constituent The by-product uses of milk must necessarily be left 
for another classification 

In view of the rather sharp changes that have occurred in milk pro- 
duction and utilization in recent years, a more detailed breakdovm of the 
data IS shown in the table on page 35 

FOREIGN TRADE IN DAIRY PRODUCTS 
Ordinarily very little of the milk supply is used for dairy products gomg 
into export trade, and only small quantities of dairy products are im- 
ported into this country For all practical purposes the small amount of 
foreign trade in dairy products is balanced ivith the imports of cheese, 
consisting mamly of types not produced extensively m this country, being 
offset by exports of condensed and evaporated milk War and postwar 
relief feeding caused our dairy exports to far exceed imports for several 
years, but a distinct reversion to prewar conditions is occumng Recent 
exports have consisted mamly of nonfat dry milk solids made from skim 
millf, the production of which was greatly expanded for war purposes 
Ultimately most of this production which is unlikely to contract to prewar 
levels will have to be absorbed in domestic skim milk outlets 
The principal reason for the small amount of dairy imports is the high 
tariffs that apply to milk and alt miik products These high tanffs are 
effective m excluding most foreign dairy products from our markets except 
when extreme milk shortages lead to abnormally high prices for these 
products, as occurred following the drought of 1934 Ordmanly, domestic 
prices for dairy products are not raised above the world pnees to the full 
extent of the tariff For instance, during the five-year period from 1932 
to 1936 the average New York 92 score butter pnee exceeded the average 
London pnee for butter of similar quality by 8 23 cents per pound, while 
the tanff was 14 cents throughout this penod The monthly average of 
New York prices ranged from 1 20 cents above the London pncc to 17 85 
cents above, and the tanff was fully effective dunng only seven of the 
60 months 


CONSUMPTION OF DAIRY PRODUCTS 
As was indicated in the preceding chapter, the total demand for milk 
IS derived from the demands for particular dairy products on the market 
Some idea of the rclativ c importance of these pnxlucts and their influence 
upon total demand for milk can be obtained from a survey of their con- 
sumpuon Per capita consumption of each of the major dairy products 
for the past two decades, indicated m the table below, u bnefly discussed 
in the follow mg paragraphs 

To compute toul per capiu consumption of milk m all dairy products 
It is necessary to convert the per capiu consumption of each product into 
us milk equivalent and combine the milk equivalents To make this con- 
\ crsion to milk equivalent— that is, the amount of milk required for each 
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Anvual Per Capita Consuiution or Dairt Products in’ Covtine.stal 
U sTTED States, 1925 to 1946' 

(Pounds) 
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22 
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60 

113 

23 

1941 

350 6 
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60 
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24 
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372 0 
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23 
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38 
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50 
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20 
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35 
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49 

13 2 

17 
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433 0 
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30 
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59 

13$ 

20 

1946 •• 

425 0 

183 

51 

10 2 

69 

231 

34 


* Since 1917 Includes prodoctton of small retailers and coaster Intzen 
••Preliminary 


unit of factory production — the following conversion factors are used 
butter, 20 3 pounds, cheese, 10 0 pounds, condensed and evaporated 
milk, 2 2 pounds, and ice cream 2 5 pounds The ice cream factor repre- 
sents the net normal use of milk and excludes milk duplicated m butter 
and condensed milk subsequently used for jce cream manufacture. The 
gross normal factor is 3 2 pounds of milk per pound of ice cream B> this 
method the 1946 per capita consumption of milk in all its various f^orms 
can be roughl) estimated as 804 pounds or 93 5 gallons as shown b> the 
following table 
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MARKET MILK 

Market-milk consumption * is estimated from the milk and cream used 
m cities and villages as reported by Federal milk markeung administra- 
tors, local boards of health, and other regulatory or distnbuting agencies 
The demand for market milk is belie\ed to be inelastic since its consump- 
tion does not ordinanly change a great amount from year to year and 
the demand does not usually nse or fall very much wth changing eco- 
nomic conditions Prior to 1929, consumption of market milk experienced 
a slow but steady nse to a peak of 356 pounds per capita Since that time 
there have been tt\o notable changes in fluid milk consumption that have 
been of substantial magnitude First, there was a decline in consumption 
during the depression in the early 1930’s, reaching a low pomt of 333 
pounds in 1934 Explanation of this decrease may be found m the relative 
stability of market milk pnees dunng the lime that consumer incomes 
were falling sharply in most urban centers Part of this decline can be 
attributed to the decided reduction in cream consumption accompanymg 
lovkcred incomes, and part to the tendency for people to substitute cheaper 
evaporated milk for market milk The latter tendency especially 
marked in the Southern states, where daily per capita consumption of 
market milk is distmctly smaller (m the neighborho^ of 0 6 pmts) than 
m the North Atlantic states (where it approximates 1 0 pint) Following 
1934, mdk consumption showed a slow, steady increase which did not 
reach the 1929 level until 1942 In 1942 and each of the three follotving 
war years fluid milk consumption experienced a rapid substantial m- 
crease This may be attributed for the most part to higher incomes of 
those >ear8 It was partially the result of rationing restnctions and short- 
ages of food that were relatively more severe with other food products, 
including dairy products, than with milk As rationing and price controls 
were relaxed after 1945 milk consumption staned to decline but with the 
continuation of high incomes, it remained v\ell above prewar levels 
It IS a signiflcant fact that children are much heavier consumers of 
whole milk than adults, because they dnnk greater quantities of it and 
because more of the children are regular milk dnnkers Competition from 
such products as tomato juice, citrus fruit juices, soft dnnks and beer has 
a greater influence upon adult milk consumption Nevertheless, it is ap- 
parent that the war, through expansion of incomes and creation of dif- 
ferent food habits, has had a decided stimulating effect upon fluid milk 
consumption, particularly among adolescents and adults 


Fluctuations m butter consumption tend to accompany changes m pn>- 
duction becau se total butter consumption is closcI> dependent upon 

» ComumpUOT Mth e tmn » used here, refen to the ph>-«cal amount of a eommodi tv 
that u uu^ed bv iWe for the tausfaaion of lh«r wants Demand, on the 

of » commodity which people wiUW 
at all pneea- The t^l ctmsuropuwi at any particular Ume depends upon the 

price of tl«: commodity and the custtOK demand upon tnc 
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domestic production Since butler is the final claimant of milk not used 
for other dairy products, its production increased during the depression 
when the milk supply was large but the demand for market milk and 
cream loiv Comcrsely, its production declined drastically in the war 
years ^vhen the demand for market milk and for other dairy products 
was exceptionally high Consequently, butter consumption was mcreased 
in the depression, reaching its highest pomt of 18 1 pounds per capita in 
1932 and declined m the w’ar years reaching its lowest point of 10 2 pounds 
per capita in 1946 This direct relationship bct\\een consumption and 
domestic production of butter is attributable in large measure to re- 
stnctions on foreign trade in butter In fact 1935, with imports of 22 
million pounds of butter, w as the only year of the last 20 years m which 
butter imports exceeded 1 per cent of domestic production And, in only 
three ^ears — 1935, 1937, and 1941 — did imports have a significant effect 
upon per capita consumption 

Consumption of butter is higher among people who receive large in- 
comes This IS largelv due to the substitution of oleomargarine for butter 
by people in the low er income brackets Oleomarganne sells for a lower 
price than butter and tends to be used more when butter pnees rise as 
the result of low production From 1934 to 1936, when creamery butter 
production fell 84 million pounds, oleomarganne production increased 
128 million pounds, or from 15 5 per cent of the creamery butter produc- 
tion to 24 2 per cent Conversely, from 1929 to 1932, when butter pro- 
duction increased 140 miilion pounds, oleomargarme production fell 158 
million pounds Thus, these two products tend to be used interchangeably 
This gives butter an elastic demand, a condition that tends to cushion the 
shock of price changes for the entire dairy industry 

CHEESE 

Cheese, an animal protein food that is substitutable for meat, is less 
popular in the United States, where meat is more plentiful, than it is in 
European countnes With the influx of European immigrants into this 
country, cheese making and cheese consumption gradually increased until 
It reached about 4 5 pounds per capita in 1924 It remained quite close 
to that point for ten yeare Thereafter, the development of process cheeses 
and cheese spreads caused consumption to nse gradually during the suc- 
ceeding eight years, reaching a peak of 6 3 pounds per capita in 1942 
The use of these new forms of cheese which are adapted to convement 
packaging and modem consumption habits has been promoted by stren 
uous merchandising campaigns that contributed toward the substantial 
uptrend of consumption 

During the years of World War II cheese consumption was definitely 
restricted, despite a marked expansion m production, to permit greater 
quantities of American Cheddar cheese to be shipped overseas for war 
purposes With the cessation of war and the relaxation of rationmg restric- 
tions, cheese consumption jumped very rapidly, reaching new high levels 
m 1946 and 1947 This development was made possible by the continua- 
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tion of high production rates achieved during the war, and consumption 
was aided and abetted by high consumer incomes, together with relative 
shortages and high prices for meat and other protein foods. Cheese con- 
sumption, like butter, is quite responsive to price changes and is therefore 
usu^Iy higher among families receiving larger incomes. 

Another factor contributing toward recent increases in cheese consump- 
tion has been the development of a variety of new types of natural cheeses 
closely simulating imported cheeses, the consumption of which was 
virtually eliminated during war years. Among the varieties of soft cheeses 
that have been developed arc a number that arc distinctly original in 
character. 


CONDENSED AND EVAPORATED MILK 

The great bulk of milk in this category is consumed in the form of 
evaporated milk. Condensed-milk consumption has been on the down 
trend, while evaporated-milk consumption has been increasing rapidly 
and steadily so that the net change for these concentrated milk products 
is upward. The war interfered with these trend changes by stimulating 
condensed-milk consumption somewhat and by causing evaporated milk 
consumption to be reduced temporarily through rationing restrictions 
even though production was expanded materially. TVith the end of the 
war, the trend changes that were apparent prior to its outbreak seem to 
have been resumed. 

The superior keeping qualities and cheapness of evaporated milk, when 
compared ivith market milk and cream, make it most popular in the 
Southern states and among families having low income, especially those 
that do not have access to refrigeration facilities. It is one dairy product 
for which consumption is greater among low-income families than high- 
income families. 

Because of the fact that evaporated milk is sterile and still retains most 
of the nutritive value of fluid milk, it has achieved the position of being 
almost indispensable in the feeding of infants in this country. 

iCE CB£AM 

Of all dairy products, ice cream consumption is most sensitive to changes 
in consumer income and general industrial prosperity. Ice cream con- 
sumption, which had increased until 1929, was rcduc^ sharply during 
the depression but it recovered rapidly thereafter. With the stimulation 
of industrial activity that accompanied the outbreak of war, ice cream 
consumption reach^ nciv high levels far above any preceding periods. 
In 1942, the consumption reached 15.8 pounds per capita before it was 
sharply contracted as a result of wartime restrictions on production. 
iVith the relaxation of these restrictions and very high postwar Incomes, 
ice cream consumption in 1946 reached a new high peak of 23.1 pounds 
per capita. 

These data pertain to commercially produced ice cream. 'Ihey do not 
include per capita consumption of homemade ice cream which has in- 



MILK CONSUMPTION 


41 


creased markedly wth the introduction of mechanical refngeration m 
many homes The increased accessibility of refrigeration facilities adapted 
to the convenient distribution of frozen foods, as well as the production of 
frozen foods in the homes, has caused consumers to accept ice cream as a 
good, wholesome food rather than a luxury This would indicate that, 
even though some decline has occurred in the consumption of commer- 
cially produced ice cream since the peak was reached m 1946, a higher 
proportion of milk solids is likely to be consumed in frozen form in the 
future 


MINOR DAIRY PRODUCTS 

A market for powdered whole milk and cream is primarily an industnal 
market where these products are incorporated in other foods such as 
confectioneries and bakery goods Even though the exigencies of war 
caused a stimulation in the consumption of powdered whole milk, there 
IS little reason to expect a significant nse m the consumption of these 
products 

Although the consumption of malted milk, which was declining prior 
to the last war, has been stimulated significantly in recent years, relatively 
little milk IS used m its preparation With a conversion factor of only 
2 6 pounds of whole milk for each pound of malted milk, it is evident that 
malted milk is not an important factor influencmg the demand for milk 
One of the minor dairy products that has experienced a significant in- 
crease in consumption that appears to be of a durable nature is ice cream 
mix prepared m cither fluid or dned form The development of mechanical 
refngeration for homes, and counter freezers for making ice cream in 
stores and restaurants has led to a large demand for ready-made ice cream 
mixes and prepared ice cream powders that contain milk and cream m 
concentrated form 

Another ■gsoup o? minor daisy prodnots that, expenenotd a substantial 
nse m production is made up of milk base infant foods These products in 
both fluid and dned form represent vanous degrees of modification of the 
basic ingredient — milk — m accordance with formulas designed to yield 
convenient, desirable products especially adapted to infant feedmg 

BY PRODUCTS OF MILK 

The pnncipal by products of milk arc obtained from skim milk, butter- 
milk and whey — the parts of milk remaining after separation, churning 
and cheese m^ing, respectively Demand for milk by-products does not 
constitute a major factor contnbuting to the basic demand for whole milk 
because these products remaininGT from milk processing are not completely 
utilized In 1934, there were mv»fe than 38 billion pounds of skim milk 
available on farms and in factones where milk was separated but not 
over seven billion pounds of it was used m the manufacture of skim milk 
products A substantial portion of it was used for feeding purposes on 
farms but even so there was much skim milk unutilized and Masted The 
same was true ivith respect to whey and buttermilk The consumption of 
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milk by-products has Ijccn definitely on the upturn since that time and in 
1945 ^\cU over 13 bilhon pounds of skim milk vas used m the commercial 
manufacture of dairy by-products This utilization was greatly stimulated 
by the developments of the war and also by the postwar demands for 
relief feeding abroad Even though this stimulation will subside, it is 
apparent that more complete utilization of the milk by-products may be 
anticipated m the future Continued research and education concerning 
the value of these available by-products both for nutntional and industrial 
purposes, which led to their increased use, will be a distinct benefit to the 
dairy farmer as it supplements the demand for his milk 
A classification of products which arc made from milk in this country 
appears m the following table This arrangement is manifestly incomplete 
in detail because numerous products arc included under general headings 
There arc, for instance, over 200 vanciics of cheese, but only the main 
varieties made here are listed No attempt is made to list the mynad of 
products, ranging from pool balls and fountain pens to glues and face 
powders, that are made from casein Nor can the classification attempt 
to cover the vast number of food products, such as bakery products and 
confecuonenes, which contain milk constituents Nevertheless, some con 
ception of the wide vanety of milk uses which contribute to the total 
demand for milk can be obtained 

Scientists are constantly finding new uses for milk constituents, and 
practical methods for isolating desired components from this very complex 
chemical substance on a commercial scale are being continually devised 
Accordingly, the list of products prepared from milk is growing 


CLASSIFICATION OF MILK 

PRODUCTS 

Chief products 


Market rnilk 


Raw milk 

Homogenized milk 

Certified milk 

Chocolate milk 

Pasteurized milk 

Acidophilus milk 

Vitamin D milk 

Bulgarian buttermilk 

Market cream 


Coffee cream 

Sour cream 

Whipping cream 

Sterilized cream 

Butter 


Sweet cream butter 

Sweet (unsalted) butter 

Sour cream butter 

Ripened cream butter 

Renovated butter 


Cheese 


Cheddar cheese 

Limburger cheese 

Cream cheese 

Brick cheese 

Process cheese 

Camembert cheese 

Swiss cheese 

Italian vaneties 

Blue (Roquefort) cheese 

Cheese spreads 
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CLASSIFICATION OF MILK PRODUaS— Confmuec/ 


Chief products: 

ConcenlraUd products 
Evaporated milk 
Condensed milk 
Plam condensed 
Sweetened condensed 
Dried products 

Powderd ^vhoIe milk 
Powdered cream 
Malted milk 
Ice cream 
lee cream mix 
Frozen cream 
Plastic cream 
Butteroil 
-products: 

Sktm mtlk 

Nonfat dr>-milk solids 
Dned skun milk 
Condensed skim milk 
Evaporated skim milk 
Cottage cheese 
Pot cheese 
Baker’s cheese 
Skim«milk American cheese 
Chocolate milk 
Concentrated sour skim milk 
Buttermilk 

Dned buttermilk 
SemisoUd buttermilk 
Prepared foods 
Wh^ 

Dned w hey 
^Vhey cheese 
^Vhey butter 
Albumm 


Dry-milk compounds 
Infant foods 
Prepared foods 
Casern 
Plastics 
Adhesues 
Spreaders 
Coatings 
Casein sols 
Textiles 


Lactose (milk sugar) 
I.actic acid 

Medicinal preparations 



Chapter 4 

ECONOMICS OF MARKET MILK 


Economic production is defined as any activity TitAT satisfies a 
human want It embraces transportation, manufactunng, distribution, 
and selling no less than it does the pnmary creation of raw matenals 
Consequently, production of dairy products is not complete until the 
consumers receive them m the desired form at the proper time and place 
Several separate and distinct industries have been developed to perform 
these functions in the dairy field The most important of these industries, 
from both a volume and financial standpoint, is the market-milk business, 
which has for its purpose the preparation and distnbution of whole milk 
and related products, principally market cream The markct-milk in- 
dustry is characterized by processing plants located in every city through- 
out the country To these plants the raw, whole milk is brought for pas- 
teunzation and bottling, and from them the milk is delivered to stores, 
hotels, restaurants, hospitals, and homes every day While the milk dis- 
tributing s> stems of no two cities arc identical because each system has 
been adapted to the particular needs of the community in which it is lo- 
cated, certain economic problems are common to ail of them, and it is the 
purpose of this discussion to treat these problems in a genera) way without 
attempting to analyze the circumstances surrounding any specific market 

SUPPLY AREA 

Market milk is usually produced in the territory immediately surround- 
ing the city in which it is consumed in what is known as the milkshed 
Since the milkshed embraces the area from which milk flows to the city, 
Its scope depends upon the size of the city, the per capita consumption of 
milk within the city, and the intensity of mdk production in the adjacent 
farming area Wide differences in the sizes of existing milksheds attribut- 
able to the latter factor can be observed For example, the Twin Cities 
(Minneapolis and St Paul), located in an area of dense cow population, 
are able to secure all the milk needed for that market inthin a radius of 
40 miles, while St Louis, a city with fairly comparable milk consumption 
and similar surroundings, must reach out as far as 150 miles in order to 
obtain Its milk supply 

Under ideal conditions, with a city located in the center of a uniformly 
good farming area and with transportation available in all directions, the 
milkshed might be expected to be circular in shape The Twin City milk- 
shed represents a rather close approximation to such a situation, it being 
roughly circular but distorted somewhat as it extends out along established 
transportation routes But since roost large cities are located along watcr- 

I Harry C Trelogan Ph D , Assistant to the Administrator, Agricultural Research 
Adniimsuation, U S Dept of Agr contnbuted this chapter 
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Fig. 8. Large mtiksheds overlap and take peculiar shapes in heavily popu* 
lated areas. 


fronts the milksheds necessarily extend out in some directions more than 
in others. For instance, the Baltimore milkshed is largely north and west 
of the city (see Fig. 8). This condition, together with the effects of rivers, 
mountains, and transportation routes, tends to give most milksheds an 
amoebic shape, with the boundaries enclosing the nearest accessible good 
farming territory. 

While the boundaries of a milksbod usually follow a rather natural 
course according to the farming conditions, they are often definitely 
specified and limited by municipal health authorities who designate areas 
within which they will inspect and approve milk-producing farms. For 
this reason, milksheds sometimes take a little different size and shape than 
they would if they were determined by economic forces under conditions 
of free competition. In some areas, especially in the Northeastern section 
of the country, the milksheds are further complicated by the proximity 
of the cities. Thus, there is overlapping, as in the case of the New York 
and Philadelphia milksheds, and ^so complete circumvention, as in the 
Boston milkshed, which surrounds the Lawrence, Lowell, Springfield, and 
Worchester supply areas. In situations like the latter the larger metro- 
politan market is called the primary market, and the smaller cities are 
called secondary markets. 

Although the boundaries of a milkshed may be specified by health 
authorities, the outer limits of the area actually shipping milk to the city 
market do not always coincide with them. The milk supply from the 
entire milkshed is needed by the market only during the seasons of short 
production. During the spring season of flush production a much smaller 
area supplies sufficient milk to meet the needs for market milk and cream. 
When the specified milkshed is extended to include sufficient area to 
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supply the milk needed In all seasons, 
a large contraction and expansion of 
the territory actually furnishing milk 
and cream for a city is the natural 
result Efforts are made m these areas 
to reduce the need for flexibility in 
size of the milkshed b> reducing sea- 
sonal fluctuations in production 
U^cn a milkshed pro^’cs incapable 
of supplying local market require- 
ments dunng periods of short pro- 
duction, whole milk may be shipped 
from distant manufactunng areas 
under temporarj arrangements In 
Fig 9 Scheme of milk production some instances of this sort airange- 
zones under ideo) conditions ments are made with health authori- 

ties to bring in concentrated milk 
products to prepare rcconsutufed milk to supplement local supplies Such 
reconstituted milk may be blended with local fresh milk or it may be 
labeled and sold as a distinctly different product 

ZONES OF PRODUCTION 

Cream ordmarily comes from the same milksheds that provide market 
milk, at least dunng a great part of the year Dunng seasons of low milk 
production some cutes permit the importation of cream for fluid use and 
for ice cream from milk producing temtones outside the milkshed In 
other cities, however, the health aulhontics exercise practically the 
same supervision over milk going into fluid cream and ice cream as they 
do over market milk, and the shipment of cream from outside the inspected 
temtory is prohibited In a city where the source of cream is thus re- 
stneted, the milkshed includes the supply area for all cream as well as 
market milk, and tends to be much larger than it otherwise would be 
because enough milk must be produced within it to supply the demand for 
both milk and cream throughout the year To aid comprehension of the 
relationship between milk and cream supply areas a concept of zones of 
production may be useful 

One might imagine the supply area around a city as being divided mto 
the three zones depicted in Figure 9 Zone I, located closest to the market, 
supplies market milk Zone H, immediately surrounding Zone I, supplies 
market cream Zone III, the outer zone, supplies the milk for butler and 
other dairy products In practice, Zones I and II would have irregular 
peripheries and would not have any clear lines of demarcation Actually, 
they should expand and contract with the seasons, and therefore would 
always be in a state of flux, the static lines of the diagram are used simply 
for clarity in explanation But, of course, the milkshed as defined by the 
health authorities cannot change freely It must lie somewhere between 
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Zones I and II, it cannot be smaller than Zone I, but it may or may not 
include all of Zone II, depending upon the regulations enforced ^vlth 
respect to cream Figure 1 0 represents a closer approach to what the supply 
area must look like The actual picture is complicated still further by the 
fact that the location of dairy production in the outer zones is influenced 
more by the relative advantage of dairying in the farming area than it is 
by the position of the market The butter producing area is outside the 
milk and cream zones but not necessarily adjacent to them It is often more 
economical to transport cream, butter, and other concentrated products 
from distant regions that are better adapted to dairy farming than it is to 
produce them near the market 

SURPLUS m.K 

The fact that milk produced in an established milkshed is not always 
used by the market as market milk or cream gives nsc to the so-call^ 
milk surplus, which includes that part of the milk supply from the milkshed 
for which other uses must be found The disposal of surplus milk at pnees 
that will coicr costs of market-milk production is the problem that faces 
every milk market This problem becomes more senous as seasonal 
fluctuations in production increase, as the milkshed is expanded to furnish 
cream going into different uses, and as the boundanes of the milkshed 
become more arbitrarily set, because each of these conditions contributes 
toward accumulation of a greater milk surplus than is naturally expected 
from the regular fluctuation in production and consumption of milk 

SANITARY REGULATIONS 

The pnncipal feature which distinguishes market milk from the milk 
product for other uses is the guarantee of high quality that must accom« 
pany it Market milk is subject to the severest scrutiny by consumers be- 
cause It IS the dairy product which receives the least modification in 
processing Since it is an essential part of the diet of the entire community 
and IS especially important as a food for infants and children, its quality 
must be above question City ordinances commonly specify minimum 
standards for the butterfat and total solids content of milk, prohibit 
adulteration, and define the grades of milk m order to insure the food 
value of market milk They also regulate sanitary conditions on farms 
where market milk is produced and in processing plants where it is 
handled, supervise the processing operations, and designate standards 
pertainmg to bacterial counts and sediment tests — measures designed to 
protect the health of the community State regulations supplementing 
those of municipalities usually pertain to diseases of cattle and conditions 
in creameries and other processing plants operating outside the sphere of 
municipal authority In some instances they are designed to standardize 
the often dissimilar and divergent at> ordinances by serving as minimum 
requirements for the commonwealth The enforcement of these samtaiy 
regulations is performed b> municipal and state boards of health 

Sanitary regulations applied to market -milk production have been of 
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unquestionable value m fostenng 
production of clean milk However, 
many producers as well as consumers 
contend that the regulations are 
sometimes used for other purposes as 
well Producersoutsidcthcmiikshcds, 
and often within them, claim that ex- 
isting ordinances impose regulations 
which arc unjustifiable from a health 
standpoint, in order to limit market- 
milk supplies and thereby permit 
pnee manipulation Enforcement au- 
thomics are at times accused of yield- 
ing to the pressure of market interests 
in forming their policies Such 
charges arc not without ment when 
the ordinances arc exposed to politi- 
cal influence, when the specifications 
vary widely between essentially similar markets, and when co-operation, 
between the health authorities m diflerent localities is lacking 

TRANSPORTATION 

Transportation of milk from the source of supply to the processing plant 
IS an essential part of market-milk production Since milk is a heavyy bulky,, 
perishable fluid it must be delivered promptly in a rcasonaWy fresh 
condition, a requirement which can be fulfilled only if the milk is kept 
cool from the time it leaves the cow until it is pasteurized As a toilksh^ 
becomes larger the problem of meeting these transportation requirements- 
becomes increasingly difficult With the growth of markets as well as 
improvement of transportation faciliucs, methods of transporting milk to 
market have changed materially 

When specialized market milk production was first begun practically 
all milk was brought to market by horse and wagon Although horse- 
drawn vehicles arc stxU used in some small markets, this method for 
delivering milk has been superseded m sizable markets by railroads, and 
motor trucks 

Rail transportation of milk was started before 1850 in the New York and 
Boston milkshcds, where it has been used extensively ever since From 
the time that milk cans were earned only in baggage cars, rail shipments 
of milk have been made faster, more convement, and less expensive by 
the mtroduction of special railk trams, refrigerated cars, and glass Imed 
tank cars Many markets adopted railroad transportation for a tunc, but 
It IS now important in relatively few markets such as Boston and New York 
which received 53 and 40 per cent, respectively, of their milk by rail m 
1946 Only 7 per cent of the milk supplies for Philadelphia were so re- 
ceived Amvals of cream by rail m Boston, New York, and Philadelphia,. 



Fig 10 Scheme of tndk production 
zones under practical conditions 
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Dollars 



Fig. 11. Cost of shipping 100 pounds of milk os whole milk, 30 per cent 
creom, or butter from zones I, !l, and HI. 


however, were quite heavy amounting to 94 per cent, 79 per cent, and 
75 per cent, respectively, in 1946. This method of transportation is most 
economical where large volumes of milk and cream have to be shipped 
more than 100 miles to market. 

Where a large volume of milk must be brought into a city from a long 
distance, milk companies have tended to establish country milk stations 
which arc used to accumulate milk from many farms so that it can be 
shipped to market in car lots. In some country plants the milk is just 
collected and transferred to tank cars or refrigerated cars, but in others 
it is pasteurized and even bottled before it is shipped to the city. Occasion- 
ally these country plants are used to collect market milk only during the 
seasons of short production; the rest of the year they are used as manu- 
facturing plants for the production of cream, condensed milk, butter, and 
other concentrated dairy products into which surplus milk is converted. 
In 1944 there were about 140 country plants in New England, of which 
104 served the Boston market, about 18 the New York market, and the 
balance supplied secondary New England markets. 

At the present time over 90 per cent of the milk delivered to milk 
markets is carried by motor v^icles. Truck transportation has been 
gradually replacing wagons and railroads since 1915, and now many 
markets, such as Buffalo, Cleveland, St. Louis, and San Diego, receive all 
their milk in this manner. Farmers close to market tend to haul their own 
milk in small trucks and automobiles. Farther out from market, where this 
is inconvenient or too expensive, larger trucks cover regular milk routes, 
picking up the farmers’ milk cans, taking them to the city milk plants. 
Still further out some of these milk routes terminate at main highways, 
the milk being transferred to heaWer trucks or trailer trucks which haul 
milk from several routes to the city. In some places country' milk plants are 
operated to facilitate the accumulation of milk for shipment in glass-lined 
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or stainless-stcci tank trucks which hold from 3,000 to 4,000 gallons of nuJk, 
Both railroad and truck transportation ha\e proved to be quick, ef- 
ficient, and dependable methods for carrying milk to large markets 
Truck transportation, however, ts definitely’ superior for short hauls be- 
cause the mdk can be collected from farmers at the most convenient times 
and can be delivered directly to receiving tanks of milk plants Near the 
city the roads are usually improved and kept open the year round, and 
therefore trucks are seldom delayed by bad weather conditions In more 
remote rural distncls vs here the roads are poorer and the hauls longer, 
truck transportation tends to be more difficult and expensive 

TRANSPORTATION COSTS 

Pnccs charged for trucking milk to market are not very closely cor- 
related with actual costs fn many small milksheds fixed rates arc estab- 
lished for hauling rmlk, without regard to differences in road conditions or 
distances Even m large milksheds where differentials exist the rates do not 
correspond closely to the differences in actual hauling costs These truck 
rates and costs are also frequently disproportionate because of ov crlapping 
or duplication of competing truck routes, and because differences m costs 
related to variations m size of dchvencs from different farms are not fully 
taken into account This tends to give undue advantage to small milk prev 
ducers and producers located far away from the market and causes dis- 
sension among competing producers in different parts of a milkshed 
Railroad transportation charges are usually more equitable because of 
the zone rates that increase regularly with haulmg distance 

Theoretically, charges for transporting milk to market should me 
progressively the farther the distance from market, smee the distance to 
be traversed is greater and since hauling conditions arc usually more 
difficult Ultimately the point is reached where it no longer pay’s to send 
whole milk to market because transportation costs over the distance arc 
too great Beyond this point, cream can profitably be separated and 
shipped to market, for it represents only a fraction of the volume and 
werghf of (he wftofe ordk from wftccfr t( ts pnx/trcecf, aad (frercforc costs 
less to transport Cream should come from the outer fringes of the milk- 
shed if the market is to be supplied with both milk and cream most eco- 
nomically Similarly, butter, which is an even more concentrated form 
of milk, should be supplied from areas farther away from market than the 
cream supply area 

These differences in transportation costs for the vanous dairy products 
are the fundamental reasons for the existence of the zones of pr^uction 
outlined m Figures 9 and 10 Figure II illustrates what the approximate 
costs of transporting 100 pounds of milk or its equivalent in cream or 
butter from the different zones would be if it is assumed that it costs one 
cent per mile to transport a hundredweight of goods Cream contain- 
ing 30 per cent butterfat weighs only about one seventh as much as its 
equiv-alent in 4 per cent milk, and butter containing 80 per cent butterfat 
weighs only one twentieth as much as its equivalent in 4 per cent milk. 
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Fig. 12. Transportation costs os they affect the prices of dairy products. 
Prices of 100 pounds of 4 per cent milk sold os market milk, 30 per cent 
cream, and butter in the different zones of production when butter sells for 
50 cents m the market and the transportation rate is one cent per hundred 
weight per mile. This diagram takes into account only the transportation cost 
factor. 

Therefore, under tlie assumed rates, the cost of shipping 100 pounds of 4 
per cent milk in the fluid form Mould be one cent per mile; as 30 per cent 
cream it would cost one-seventh cent per mile; and as butter, one- 
twentieth of a cent. Figure 11 simply serves to point out how wide these 
differences in transportation costs become in the different zones 

Ob\ lousiy, prices for milk and cream on the market must be suflicicntly 
hveh to compensate shippers for these higher transportation costs, other- 
wise only butter would be sent to market. Figure 12 shows what the prices 
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of these products ^^ould be on the market and m the different zones of 
production as the result of the differences m transportation costs assumed 
aboNc if the market price of butter \%ere 50 cents per pound Since 5 
pounds of butter can be obtained from 100 pounds of milk containing 4 
per cent buticrfai, a farmer located 4W miles from market would rccewe 
S2 30 for 4 per cent milk shipped to market m the form of butter At the 
same time a farmer located 200 miles from market would receive S2 40 
for the same milk sold as butter as sho\\ n in the table belois But suppose 
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the farmer s milk at the 200 mile mark (the outer edge of Zone II in 
Figure 12) were needed to supply cream for the market Then the net re- 
turn from cream must be at least S2 40 at this point or he will prefer to 
ship butter This would require a market pnee of $2 667 for 100 pounds of 
milk m the form of cream, since the cost of transporting the cream would 
be $0 267 ^ To the farmer located 140 miles from market the same cream 
would bring a net return of S2 481, because he has a transportation cost of 
only S 186 to subtract from the S2 667 market price 

If Zone I extends out to the 140 mile point, the pnee of milk must be 
high enough to pay the farmer located at that point at least as much as he 
could get for his cream This being the case, the market pnee of milk must 
be at least $2 481 plus the SI 40 required to transport the hundredweight 
of milk to market, or S3 881 

While this relationship bct\veen milk, cream, and butter pnees due to 
transportation costs is fundamental in maintaining the proper balance 
of these products on the market, because of the many other conflicting 
circumstances U is seldom sensitive enough to cause pnee adjustments 
between them to follow with mathematical precision In the foregoing 
example it was assumed that it cost one cent a mile to transport a hundred 
weight of milk or its equivalent in cream or butter If the market pnee 
for fluid milk remained unchanged but unequal transportation rate 
changes occurred it is apparent that the boundaries of the respective 
production zones would be likely to shift For example, if there were a 
relative decrease in the transportation rate for fluid milk as compared 
ivith the rate for butter, the fluid milk zone would tend to expand, and 
vice versa 

In addition to transportation costs other factors influencing this cqui 
hbnum of pric es include the costs of meeting the sanitary requirements, 

‘One hundred pounds of 4 per cent milfc yields 13 33 pounds of 30 per cent cream 
To ship this cream 200 miles at t cent per Imndredwcignt per nule cwts (200 miles x 
133 cents) 26 7 cents 
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the value of skim milk to the farmer, and the facilities the farmer has 
available for-separating milk, on the one hand, or for cooling and caring 
for it as whole milk, on the other hand. The relationship between prices 
of fluid milk and manufactured dairy products is particularly close in 
areas where concentrated products form the major outlet for milk. 

FARMERS’ OUTLETS FOR MILK 

Several alternative ways of selling milk are open to farmers in market 
milksheds. They may (1) sell the milk directly to consumers, (2) sell it to 
a milk dealer, or (3) assign it to a milk sales agency to sell it for them. 
Each of these methods has certain advantages and disadvantages, the 
strength of which vary with the circumstances surrounding the individual 
producer, who seldom has an equal opportunity to use any of the three 
methods, but who usually is able to exercise some choice in the matter. 

PRODUCER-DISTRIBUTOR 

If a farmer decides to sell his milk directly to consumers and become 
a producer-distributor, he must acquire bottling equipment, bottles, and 
a truck to deliver the milk. Unless he produces certified milk by complying 
with the stringent sanitary regulations and by meeting the precise qu^ity 
requirements prescribed by county medical commissions, he must abide 
by the city health regulations; this, in most cases, involves the installation 
of pasteurizing equipment. In addition, he must be prepared to handle his 
own surplus milk during seasons of heavy production. Few farmers are 
located close enough to primary markets and have sufficient capital and 
labor to undertake these responsibilities of milk distribution along with 
their farm production tasks. Furthermore, health authorities have vir- 
tually eliminated producer-distributors in some of the larger cities by 
outlawing them or by enforcing prohibitive regulations against them. 
For these reasons most farmers in laige milksheds prefer to concentrate 
their efforts on farm milk production and leave the marketing, or process- 
ing and distributing functions, to others. In metropolitan areas such as 
New York, Philadelphia, and Cleveland, less than 1 per cent of the milk 
is delivered by producer-distributore, who are found only in outlying 
suburban areas. 

Producer-distributors are usually more important in smaller markets, 
where they are closer to their customers and ivhere health authorities are 
less exacting. They are especially strong in the South and West, where 
they still deliver substantial percentages of the milk in cities like Atlanta, 
Georgia, and Kansas City, Missouri, 

SALES TO DEALERS 

Prior to World War I practically all producers who did not distribute 
their own milk sold it directly to aty milk dealers, each producer making 
his own independent bargain for the sale. Many farmers still sell their 
milk this way, particularly in small milksheds where the dealers and 
producers can keep in fairly close contact with each other and have an 
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agency bargaining for prices on a collective basis and attempting to see 
that all the is satisfactorily disposed of %vith every patron receiving 
equitable treatment In addition to negotiating terms of sale, mili.-bar- 
gainmg associations often serve patrons by systematizing delivery of miJL 
to the market to reduce transportation costs and by helping patrons to 
adjust'their production to market needs by instituting sj'stems of payment 
that discourage large seasonal fluctuations m production None of these 
activities require heavy outlays of capital or operating expenses Conse- 
quently, these associations operate on a relatively small fee w hich usually 
amounts to a feiv cents per hundred pounds of milk sold This type of 
association is exemplified by the Interstate Milk Producers Association of 
Philadelphia, the Dairymen’s Co operative Sales Association of Pitts- 
burgh, and the Sanitary Milk Producers of St Louis 

The operating or processing types of fluid milk associations differ in that 
they usually take title to milk, and thc> take ph>’sical possession of all or a 
substantial part of the milk sold through them Either they bargain with 
milk dealers for that part of the milk which the dealers want, converting 
the rest of it into manufactured products in their own plants, or they proc- 
ess and distnbute all the milk themscKes These co operatives take re- 
sponsibility for utilizing milk which is not needed for market milk and 
cream by converting the surplus milk into salable products and they 
distnbute the net proceeds from all the milk equitably among the member- 
ship This type of association requires a great deal of capital, much of 
which is obtained from member stockholders Its personnel and operating 
costs are necessarily greater than those of the purely bargaining associ- 
ation and are in keeping with the greater se^^^ce that it renders Examples 
of operating or processing associations are the Des Moines Dairy Market- 
ing Association which manufactured about 30 per cent of its milk m 1946 
and the Twin Cit> Milk Producers Association of St Paul and Minneapo- 
lis which in 1946 sold about 57 per cent of the whole milk receipts to fluid 
milk outlets, separated about 37 per cent of receipts for market cream and 
butter, and processed the remaining whole milk and the by products, 
skim and buttermilk, into manufactured products m its six plants 

Some of these co operative associations have had a tendency to spread 
out over several markets m a major metropolitan area or on a regional 
basis ^^^len this occurs, the co operatives ma> achieve the status of very 
large business organizations For example, the Dairymen’s League Co- 
operativ e Associauon of New York furnishes approximately one-third of 
the market milk for New York City and substantially higher percentages 
of the milk m a number of surrounding markets In 1946-47 its 27,000 
members located in six states produced about 2 4 billion pounds of milk 
for which they received approximatdy 110 million dollars The League in 
that >ear operated 105 country plants, of which 94 were fluid shipping 
plants and It vsere manufacturing plants In addition, the League oper- 
ated 18 city plants and engaged m wholesale and retail milk distribution, 
selling Its manufactured products and fluid milk under the v%ell known 
“Davr^lea” brand In so fir as ihc Lraguc engages in retail distnbution, it 
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demonstrates that these co-operative associations cannot be strictly classi- 
fied as to t^TJC In this, as w ell as several other instances, retail dismbutioa 
operations are distinctly of secondary importance compared wth bar- 
gaming and processing functions 

About 1 00 co-operative associations may be classed as pnmanly engaged 
in retail milk distribution to consumers As a rule, co-operatives organized 
for this purpose are located in small towns and hav c limited memberships 
Notable exceptions are to be found, however, in Cmcmnati, Ohio and 
Milwaukee, Wisconsm, and in a few somewhat smaller cities Retailing 
co-operatives require far more capital relative to the amount of milk 
handled than do other types, because of the expensive equipment and 
supphes and the large labor forces and current operating funds that they 
need This appears to be the pnnapal limitation to an extensive develop- 
ment of retailing milk associations 

Co-operative associations that engage in bargaining hesitate to under- 
take the functions of retailing because it at once makes them competitors 
with their usual customers, the milk distributors \\Tiere they do so it is 
usually in secondary or segregated markets Other ty-pcs of co-operatives 
that engage in retail distnbution arc made up pnmanly of co-operative 
creamencs located m little towns where specialist market milk processing 
plants hav e not been established 

PAYMENT FOR MILK 

The universal problem confronting every milk market and every type 
of sales organization is one of paying for milk m a fair and acceptable 
manner It is a perplexing problem because of the so-called surplus 
which brings a lower return than milk that is bottled or sold as cream 
Not all producers contribute equally to the surplus because not all have 
seasonal flunctuauons in production of the same magnitude Furthermore, 
the milk produced by those fanners close to the market can hardly be 
considered surplus milk at any time because it can always be taken to 
market most economically Still, the market carmot do without tthIV 
produced by outlying fanners at least part of the tune Wlio, then, should 
receive the low er returns from the suqilus imlk’ And how should the TnT?tf 
be paid for’ 

Obviously the question of milk payment does not strike all producers 
alike Producer-distnbutors handle their own milk in all seasons, their 
problem is resolved into one of finding outlets for all their milk throughout 
the y ear Ordinarily farmers’ retail co-operatives are small, with relatively 
few patrons located within a limited area, and producing under similar 
conditions, and therefore they are usually able to prorate the proceeds 
from the milk among the patrons accordmg to the amount of milk de- 
livered without runmng mto senous discrepancies But when farmers 
sell their enure milk production to dealers the problem of handlmg the 
surplus 13 shifted to the buyers The simplest w ay for dealers to buy milk 
IS to pay regular producers one pnee for all the milk dehvered This system 
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IS used so long as it is accepted by producers, but it requires some modi- 
fication on larger markets, ^vherc surpluses may reach tremendous vol- 
umes Large dealers often resort to paying for farmers’ milk according to 
the use they make of it, in order to get the proper seasonal price adjust- 
ment The price must fluctuate with the supply, the payment of a low 
pnce during the flush season and a high price dunng the short season 
tends to level out production, but a seasonal fluctuation in milk pro- 
duction is inevitable, and a pnce system based on the use of milk cannot 
prevent it entirely 

In practice, when the supply of milk from regular producers is more 
than the dealers need, the surplus is handled by the dealers, who use it to 
manufacture other dairy products On the other hand, when supply from 
the regular producers is insufficient to meet the market milk needs the 
dealers contract with farmers or creamenes farther out from market to 
send them milk or cream temporarily, until the regular producers are 
again producing enough milk for market-milk purposes 

To secure this temporary milk from outlying producers dealers must 
pay these producers higher pnccs than they can otherwise obtain from the 
creamenes and condcnsancs to which they can sell their milk In fact, 
the difference in price must be great enough to justify the additional 
expenditures necessarily incurred by producers m adjusting their pro- 
duction methods to conform to market-milk standards Only while the 
milk IS being used for market-milk purposes can dealers afford to pay this 
higher pnce But having once made the necessary changes to comply with 
the sanitary regulations, these outl>ing farmers are not content to remain 
as just temporary market-milk producers, and they continue to compete 
With producers near the market throughout the year This adds to the 
surplus of milk durmg the flush season and causes the milk pnce to be 
lower for all producers in the market at that time, and resentment rises 
among the inlying producers It is this conflict of interests that makes it 
possible for milk dealers to play one group of farmers against the other 
and thus force all milk pnccs down The farmers’ recognition of the fact 
that the railkshed can be expanded much easier than it can be contracted 
and their cognizance of the futility of independent action in coping wth 
the problem cause them to resort to co-operatives to deal \vith distributors 

But CO operative milk-marketing associations cannot have part-time 
members, nor can they afford to refuse membership to farmers who may 
otherwise compete with them, therefore they attempt to devise systems of 
payment that will be acceptable to all farmers mthin the milkshed This 
has proved to be a most difficult task, milk strikes, price wars, nval co 
operatives, and general discontent among producers having resulted from 
many attempts to accomplish it In fact, so much strife existed m milk 
markets during the depression that State MUk Boards and the Agricultural 
Adjustment Administration were given far reaching regulatory powers to 
iron out the difficulties encountered 

Each market tends to have its own peculiar local problems, and each 
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co-operative has attempted to arrive at its oin n independent solution As a 
result, few generalizations can be made \Mth reference to the s>stem of 
payment adopted Several underlying conditional factors can be ascer- 
tained, however, and payment methods devised in response to them can be 
discussed, provided it is clearly understood at the outset that innumerable 
modifications and exceptions will be found in various milkshcds 

Class prices The first bone of contention betvseen milk producers and 
distnbutors concerns the farm price of milk, this involves the question of 
what proportion of the retail price should go to the producer When 
farmers observe a quart of milk, which they sell for 6 or 7 cents, retailing 
at 14 or 16 cents in a bottle, they question v\helhcr they are receiving a 
reasonable proportion of the return The answer is that not all milk 
produced within a milkshed can be bottled and sold as market milk, 
because of the daily and seasonal fluctuations in demand and suppl> 
People tend to buy less milk and cream on Sundays and holidays and 
more on Saturdays than on other week days and more on hot days than 
cold days, and this variation m sales from day to day forces distributors to 
keep a reserve of from 10 to 20 per cent of their av erage milk sales m order 
to accommodate these greater demands when they arise The unused 
reserve must necessarily go into some other Jess remunerate dairy 
product Seasonal variations in supply are not offset by similar variations 
in demand They add to the amount of milk which is produced for market 
milk but which must be used for other purposes, because the lovsest 
production point determines the amount of temtory which has to be 
included in the milkshed The larger the milkshed and the greater the 
irregularity of production and consumption of market milk, the greater 
the proportion of milk which must be regarded as surplus and which must 
be used m other products 

Any farmer can see w'hy not all of hts milk will bring the highest return, 
but when he observes that the retail price of market milk is slow to change 
and seems to have little relation to the supply, he feels that he has an 
inalienable right to a higher return for that portion of his milk which is 
bottled and sold as market milk or cream The farmer, therefore, demands, 
through his co operative marfcetmg associaDon, that he he guaranteed 
payment for his milk that is commensurate with the use made of it The 
class price systems of milk payment were introduced in answer to these 
demands At the present time the majority of sizable milk markets employ 
class price systems of payment through which farmers receive ti\o or more 
rates for different portions of the milk that is produced and sold in city 
milksheds 

The so-called class I milk is presumably bottled and used as market 
milk and, therefore, receives the highest rate Class II milk is supposed to 
be used as market cream, and brings a lower price than class I milk The 
rest of the milk, which is converted into butter or other dairy products 
before it is sold, gets the class 111 pnee, which is even lower Tins classi- 
fication IS not consistent in all markets, milk and cream used m ice cream 
and other special products arc often included in separate classes with 
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Similar price differentials, usually intermediate to classes I, II, and III as 
they are here defined 

Pool prices. At a receivmg plant the milk supplied by each patron is 
weighed and recorded, but no differentiation is made, it is all thrown 
together in the receiving vats, and what is not bottled for market milk is 
diverted to some other use In other words, the milk is all pooled together 
in the plant, and the computation of the amounts of each fanner’s milk 
going into each class is an office procedure which is performed at the end 
of each payment period here just one dealer is inv olved this is known as 
a dealer’s pool The one price paid by some dealers is theoretically a 
composite or average price made up of all the class pnces 

Not all dealers use the same proportions of the milk received for each 
of the different uses For instance, dealer A may be bottlmg 88 per cent of 
his milk, while dealer B, operating in the same market, may be bottling 
only 67 per cent of the milk received This means, then, that A’s pool pncc 
will be higher than B’s because a greater proportion of his milk is paid for 
at the class I rate A co-operative bargaining association selling milk to all 
the dealers cannot very well let the farmers shipping milk to one dealer 
get more for their milk than farmers shipping to other dealers, since all 
farmers would want to ship to the dealer paying the highest price In 
order to rectify such a situation some co-operatives form a market-wide 
pool 

Theoretically, a market-wide pool throws together the milk from every 
farmer shipping to the market and distributes the proceeds according to 
the uses made of all the milk In practice, the bargaining association 
accomplishes this by bargaining with all dealers for the same class prices 
At the end of each month the dealers report to the association the amount 
of milk used for each purpose, and from these reports an av erage price for 
the market is computed The dealers are then notified to pay their fanners 
this price Those dealers who sold more class 1 milk than they actually 
paid their farmer patrons for turn the remainder of the money over to 
the association, which then reimburses those dealers who paid their 
patrons for more class I milk than they actually sold Thus all the pro- 
ducers receive the same average pnee per hundredweight of milk 

Base-rating system. A uniform price for milk, paid to all producers, is 
not a fair price, unless it is assumed that they all contribute equally to 
the market surplus But those producers who go to the trouble of lev eling 
out their production so that the seasonal variation is reduced are not as 
responsible for the same amount of class III milk coming on the market as 
are the producers with a highly seasonal supply Prior to the entry of 
co-operatives on the markets many dealers encouraged their regular 
patrons to level out production by paying them premium prices dunng 
the short supply season This reduced the amount of surplus milk which 
these dealers had to handle dunng the seasons of flush production and 
made it possible to pay these patrons a higher price the y ear round ANTicn 
co-operatives entcr^ the market the responsibility of finding an adequate 
^milk supply was theirs, so, too, was the responsibility of reducing the 
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seas 4 could receive higher milk pnees 

Some associations introduced the base rating plan of payments as a means 
of encouraging an even production of milk 

Under the base rating system as it was originally planned a farmer who 
supplied the same quantity of milk to the city plant every day m the year 
would receive the highest rate of payment for all his milk, while another 
farmer who delivered more milk m the spring than he did in the fall would 
receive a lower price for that part of the milk ivhich was in excess of his 
lowest or basic supply In practice, each farmer’s base \sas determined by 
averaging his daily deliveries during the season of losvest production 
Thereafter, throughout the rest of the year, he was paid the premium 
price for the amount of milk corresponding to his base, and lower prices 
for the remainder Thus he was induced to produce more milk during the 
normally short season, but he had less incentive to produce more than his 
basic amount in the other seasons When the base was established by 
averaging the delivenes for one specified low month, he had a tendency to 
build up his production for that month to get a high base, and to shift his 
period of lowest production to cither the month preceding or the month 
following Such a procedure did not solve the market difficulties, and 
therefore associations adopted three*month base penods, usually Sep- 
tember, October, and November Even longer base penods have been 
introduced by some associations m their attempts to satisfy minonty 
interests among producers This represents only one of the numerous 
modifications that have been made m the base rating plans as they are 
actually administered 

Fooling and base-rating systems combined The base-rating system 
is commonly used in conjunction with the pooling system of paying for 
milk Theoretically the sum of the farmer’s bases should equal the class I 
sales. Since they are supposed to be determined when the supply of market 
milk IS equal to the consumption But actually the farmers’ base is deter- 
mined as an average production for penods ranging from one to six 
months, and fluctuations m production that occur withm the base period 
make it necessary to include milk other than class I in the base At best, 
the total base milk so determmed tends to exceed the class I sales by the 
amount of the dealers’ daily milk reserve and, therefore, only 80 to 90 
per cent of it can receive the class I pnee Where the class I price is paid 
to producers on a definite percentage of their base production, the base- 
rating plan can properly be considered a method for paying regular mdk 
producers on a more equitable basis than cither the pooling system by 
itself or the one price system 

In some markets, however, associations have chosen not to adjust 
farmers’ bases every year because of some peculiar circumstance that has 
ansen, such as the occurrence of senous droughts in part of the milkshed 
during or immediately preceding the base pcncxl The afflicted farmers 
in these areas argued that bases detctmined under such adverse circum- 
stances were unfair to them, and the co-operatives, following their policy of 
attempting to satisfy the entire mcmberehip, departed from the ongina^ 
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base-rating plan by continuing old bases In other instances co-operatives 
seeking greater control of the market have offered to arrange favorable 
(large) bases for new members Many adjustments like these have served 
to render the base-ratmg system less effective in accomplishing its onginal 
purpose of inducing farmers to engage in more regular production In 
fact, the base-rating plan as it has been administered has bred much 
dissatisfaction among producers, and some markets have been forced to 
abandon it Numerous vanents of the base-ratmg plan have been tned 
but none has proven completely successful or universally applicable 
Among the more widely accepted have been quota plans in which the 
quotas are quite similar to bases except that they are established on dif 
ferenl entena and put in and take-out plans The latter usually involve 
the withholding of part of the payment for milk during the flush season, 
and the distribution of funds thus accumulated as a supplementary pay- 
ment for milk delivered in the fall or winter months 

Butterfat differentials Butterfat is the most valuable constituent of 
milk and, smee the butterfat content of milk is quite vanablc, allowance 
has to be made in every milk payment system for difference m worth due 
to this factor Some milk is bought and paid for exclusively on a butterfat 
basis, that is to say, the market pool is in reality a butterfat pool rather 
than a milk pool More common, however, is a system of butterfat dif- 
ferential payments in which all milk price quotations refer to milk with a 
standard butterfat content, such as 3 3 per cent, and m which, along tvith 
the quoted price, there is a specified pnee differential which applies to 
each tenth of a per cent of butterfat above or below the stipulated stand 
ard The differential is usually expressed as so many cents per point, let 
us say 5 cents, this means that milk containing 3 8 per cent butterfat would 
receive 15 cents more per hundred pounds than 3 5 per cent milk 
Processing and distributing milk Practically all milk which leaves 
the farm destined for the city market has to be processed, that used for 
market milk is pasteurized, some is separated and pasteurized for market 
cream, and other portions are made into chocolate milk, ice cream, and 
cheese In addition, the milk or milk products must be placed in suitable 
containers before they are delivered to consumers This processmg and 
bottling or packaging, which requires rather precise and often complicated 
equipment when it is done on a large scale, is usually performed m special- 
ized milk plants which are to be found m every rrulk market After milk 
is processed it finds its wa> to consumers via numerous courses Most of 
It is delivered directly to homes over regular routes operated by producer 
distributors, retailmg co-operatives, milk dealers, and peddlers Milk 
routes also include wholesale deliveries to hotels, restaurants, hospitals, 
and retail stores In small towns and villages the greater part of the milk 
IS distributed by producer-distributors and retail co-operatives operating 
on a smill scale, but m larger cities, where distribution becomes a complex 
problem, it is largely taken over by specialized milk dealers 
The milk processmg and distributing industry tends to operate on a 
•decreasing cost basis, that is, the greater the quantity of milk handled the 
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lower the processing and distributing costs per unit become For this 
reason there is a continual aggrcssnc struggle among milk dealers for 
more business so that their costs of handling each quart ivill be less The 
successful dealers tend to expand over the entire market, and therefore 
in most cities a few large dealers deliver the greater part of the milk, and 
many small dealers compete for the remainder of the business This 
situation does not make for uniform costs among milk dealers and is not 
conducive to a very stable equilibrium on the milk markets 

Strangely enough, how ever, markct-milk prices tend to remain relatively 
stable Comparable prices arc usually charged by all dealers, and frequent 
price changes are avoided m order to discourage ruinous pnee cutting, 
which IS injurious to all market interests Rather than engage in price 
competition the dealers confine their activities to service and cost compcti* 
tion Especially m markets where retail prices are fixed by a market 
regulatory body, the dealers strive to offer customers the most prompt, 
convenient, and courteous delivery service, the highest butterfat content, 
the deepest cream line, the most desirable color and flavor, the most 
attractive package, and the “cleanest” product This service competition 
often leads to unexpected and seemingly inexplicable complications, such 
as discnmmation against Holstein nulk by some dealers and excessive 
duplication of delivery services manifested m most cities, where the trucks 
of many dealers cover the same territory 

In their search for possible cost reduction dealers look at the costs of 
raw materials, of labor, and of operating equipment, their main sources 
of expense The raw materials, milk and cream, which consume in the 
neighborhood of 40 to 60 per cent of the consumers’ expenditures, consti 
tute the largest item of dealers’ expense and seem to offer the best op 
portunities for cost reduction But in the current market organization, 
milk producer’s co operative associations function to forestall any undue 
cutting of raw material costs The system of class prices and the provisions 
for checking on weights, tests, and uses of milk, prerogatives which are 
stipulated in the co-operative sales contracts, are measures employed by 
the associations for this purpose Thus farmers tend to be protected from 
exposure to dealers’ competition where co-operative associations function 
effectively 

About 25 per cent of every consumer's dollar spent for milk is paid out 
as wages for labor used in processing and distributing Since this represents 
the next highest expense confronting the dealers, wages might be expected 
to suffer when dealers are looking for ways and means of cutting costs, 
but in most large or middle sized cities dairy laborers are protected by 
unions which bargain collectively for milk wagon drivers’ and plant em- 
ployees’ wages These unions, notably strong in many markets, tend to 
raise dairy labor costs by setting minimum wage scales, by increasing 
sales commissions, and by improving working conditions The latter 15 
accomplished by placing restnctions on working hours and on sizes of 
milk routes, and by lengthening vacation penods with pay 

Operating costs other than wages, which absorb 15 to 20 per cent of the 
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consumer’s dollar, are under the direct control of the dealers themselves 
Minimum processmg requirements arc specified in health regulations, 
but usually dealers try to employ the best possible handimg methods and 
the most up-to-date equipment both inside and outside the plant as means 
of giving the public a favorable impression of their products By its very 
nature the dairy manufacturmg business has much unutilized capacity 
entailing capital and upkeep costs, because it uses expensiv e equipment, 
looks toward expanding markets, and deals with seasonal fiuctuations in 
purchases and sales Dealers attempt to make more efficient use of this 
excess capacity and thereby reduce unit costs. This they do by mcreasing 
their business through advertising or by turning to supplementary enter- 
prises, such as the delivery of orange juice, tomato juice, butter, eggs, 
and similar products on their routes along with milk and cream The 
combmation of milk and ice cream plants is common, and most milk 
dealers manufacture and deliver such special milk products as cream 
cheese, cottage cheese, chocolate milk, buttermilk, and sour cream In 
fact, dealers often report their greatest profits m side-line enterprises, but 
the allocation of costs and profits is too dependent upon accountmg pro- 
cedure to accept this as a generality 
Where there is a great vanation in the sizes and efficiencies of plants 
with little vanation in prices, as is the case m the milk business, equally 
large differences m the profitability of the companies are bound to exist 
The high administrative salanes and the wide profits reported by some of 
the larger, more efficient concerns are a natural result which is often 
subjected to public ndiculc, especially when milk companies are associated 
with holding companies operating on a regional or nation-wide market 
But opposition to obvious private monopobes and the mclmation to pro- 
tect the “little fellow” and preserve competition often lead consumers to 
accept milk prices which are high enough to keep less efficient dealers in 
business These milk prices m large markets are in some instances de- 
termined by arbitration conferences at which the farmer, labor, and dealer 
interests arc well represented by their respective orgamzations, and con- 
sumers are ostensibly represented by cmc leaders selected for the purpose 
Some pnee competition occurs on those markets where milk can be 
bought through stores on a cash and carry basis at a lower pnee per quart 
bottle Cham grocenes and stores handling dairy products argue that 
such a price differential is justified inasmuch as the costs involved m house 
to house deliveries and bad debts are eliminated However, milk-wagon 
drivers generally and sometimes farmers are opposed to the existence of 
such differentials in retail prices — the former because their «:ervices tend 
to be used to a lesser extent, and the latter because they fear that a reduc- 
tion in class I milk prices will ultimately follow In markets where labor 
unions and farmers’ associations have the pow er to enforce their demands 
store price differentials are sometimes prohibited or are kept low 

Retail milk pnccs are quite stable, dunntj a penod of declining com- 
modity prices they tend to lag, but cvcntuallv they must decline somewhat 
when other pnees fall Dealers’ margins arc rather inflexible because of 
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MICS OF THE BUTTER 
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The butter industry, which has been developed from the ace- 
old trade of butter making, is next in importance to the market-milk 
industry as an outlet for milk. This industry has for its purpose the con- 
centration of butterfat from milk into a compact, palatable product that 
is widely used for bread spreads and cooking. Although, the production of 
creamery butter in 1944 and subsequent years was considerably under 
1.5 billion pounds owing to the exigencies of war, normally from 1.7 to 
1.8 billion pounds are churned annually from at least 20 times chat amount 
of milk. The value of this annual production well exceeds half a billion 
dollars, and some 3,500 plants employing about 25,000 people are en- 
gaged in the industry, 

CREAMERY BUHER 

Until about a century ago all butter was made on the farms where 
milk was produced, but since that time butter making has been gradually 
shifted to creameries. At present 80 per cent of the butter is made in 
factories, and virtually all butter entering the commercial trade is so 
made. Farm butter making is now confined to those areas where the 
quantity of milk available for butter is small and where most of the butter 
is consumed in the farm home or peddled in neighboring communities. 
This discussion ^vill deal almost entirely with creamery butter, which, 
from the point of view of economic significance, is by far the most impor- 
tant. 

Creamery butter making began in the latter part of the nineteenth 
century \vhen neighboring farmers started to pool their milk to let at- 
tendants separate cream by gravity methods and chum it. Later, farmers 
skimmed their own milk and delivered cream to the factory for churning. 
Each farmer received his share of proceeds from the sale of the butter 
according to the weight of the milk or cream delivered by him. It was not 
until the mechanical separator, introduced in 1885, and the Babcock test, 
invented in 1890, made quick, efficient separation and equitable payment 
for milk or cream possible that creamery butter making took rapid strides 
fonvard. In the last 20 years of the nineteenth century creamery-butter 
production increased fourteen fold. 

Although most butter was made in Eastern states prfor to the intro- 
duction of factory methods, creamery production iuis des'eloped most 
rapidly in the Middle Western states. The growth of market-milk produc- 

Harry C, Trclogan, Ph.D., Assistant to the Administrator, Agricultural Research 
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non around the heavily populated induslml centers of the East has 
gradually replaced butter production in that section A large part of the 
butter production in the New England and South Atlantic states is still 
farm butter Creamery production has advanced consistently along the 
northern fringe of the corn belt where the growing season is short and 
gently rolling land provides abundant grass pastures and sufficient home 
grown feeds to support medium sized dairy herds The distance to city 
markets makes a product of high specific value imperative in this territory 
if It is to be produced on a commercial scale As indicated m the following 
table, three states Minnesota Iowa, and Wisconsin produced more than 
40 per cent of the butter output m 1947 Minnesota and Iowa are out 
standing among the butter producing states with an annual production 
of more than 200 million pounds each However, the ten states listed in this 
table are the prominent butter states, manufacturing nearly three fourths 
of the total output The distribution of butter production m all states for 
1932 IS presented graphically in Figure 13 


Ten Leading States in Creamery Butter 
pRODuenoN 1947 • 


St»t« 

Poandi ol 
Butter 

fer Cent of 

U S PtedMi OB 

CumuIsC V# 
Per Cent 

Minnesota 

Thtn 

243 874 

183 

183 

Iowa 

209 145 

15 7 

34 0 

Wisconsin 

115 710 

87 

42 7 

Nebraska 

79003 

60 

48 7 

Missouri 

63 801 

48 

53 5 

111 nois 

59246 

45 

580 

Ohio 

55 767 

42 

62 2 

'Kansas 

51 001 

38 

660 

North Dakota 

49 525 

37 

69 7 

Michigan 

47930 

36 

73 3 

Total 

975 OOo 

73 3 


U S Total 

1 329 678 

100 0 

100 0 


TYPES OF CREAMERIES 

Creameries may be classified according to their means of procuring 
cream into local and centralizer types l^al creameries become estab 
lished in regions where the cow population is dense enough to supply them 
with cream from a relatively small area Farmers frequently make daily 
deliveries of cream to these plants where it is first weighed graded and 
tested, and then pasteurized and churned Low assembly costs and high 
quality raw materials give creameries of this type a distinct advantage m 
such regions Butter makers are able to keep in close contact with the 
creamery patrons and influence them to deliver high quality cream in a 
sweet or only slightly sour condition They are also able to make the butler 
^ Bureau of Agricultural Econoiiucs U S Dept Agr 
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Fig. 13. Creamery*butter producJion in 1941 is shown in this chort. 


promptly and to give it their close attention; this results in fine workman- 
ship in the manufacturing process. Although local creameries became 
established in places where farmers could conveniently haul cream to 
them, the development of motor vehicles and good farm-to-market roads 
has permitted them to expand by taking in patrons from a wider territory. 
This tendency toward expansion has developed further ■with the introduc- 
tion. of truck routes for gathering cream from distant farms, and has helped 
these creameries obtain the lower unit costs which accompany large-scale 
production. Recently there has been a marked trend toward the establish- 
ment of whole-milk creameries ^vhich arc designed to manufacture skim- 
milk products as well as butter. Because of fuller utilization of milk by 
the creamery, farmers usually obtain a greater cash return on their prod- 
uct from this type of operation. 

Centralizer creameries are located at convenient transportation centers 
so that they can receive cream from a very large territory. The cream is 
obtained by direct railroad shipment from the farmers or through cream 
stations located in rural communities which accumulate cream for ship- 
ment, and in some cases with truck routes picking up cream at farms. 
These creameries, which arc designed to handle large quantities of cream 
delivered from farmers at infrequent and irregular inter\’als, are best 
adapted to those areas where the cow population is sparse and rail 
transportation is available. Although they must contend u*ith high costs 
of assembly and possible deterioration of cream in transit, they obtain 
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the advantages of large scale production, reflected in lower unit manu- 
facturing costs, more standardixed products, and favorable sales outlets 

CO OPERATIVE CREAMERIES 

A distinctive feature of the butter industry is the large number of co- 
operative creameries engaged in production It is estimated that about 
40 per cent of the butter ivas made in more than 1,400 co operatite 
creameries in 1941 These co operatives are mostly of the local creamer) 
type and are most prevalent m the Northwest Four-fifths of them are 
located in Minnesota, Iowa, and Wisconsin In Minnesota more than 
three fifths of all the creameries arc co operatives The popularity of co- 
operative enterprise among creameries came early m their development 
In the Northwest the* immigrant farmers, largely of Scandina%nan origin, 
were co opieratue minded and banded together to start the first creameries 
in that area Relatively little capital was needed for their establishment, 
and ivith encouragement from agncultura) leaders and creamery equipv 
ment sales promoters the spread of co-operatives among rural communities 
was rapid and successful where the milk available m the surrounding 
area was sufficient to support them 

Butter co-operatives are producer co-operatives, inasmuch as the pa- 
trons own them and receive the benefits from them Accumulations of 
eanungs in excess of ordinary expenses arc disposed of m any of three 
ways (1) m a higher current payment to patrons for their butterfat, (2) as 
patronage dividends or (3) held as capital surpluses The co-operatives 
are usually incorporated, each member holds a limited amount of stock, 
which yields a conservative dividend Aside from ownership, the principal 
difference between the co operatives and the other business organizations 
manufactunng butter is the method of paying for butterfat Co operatives 
are ordinarily operated on a pooling basis, wth each month’s deliveries 
constitutmg a pool That is, receipts from sales of butter produced ivithm 
a month are pooled, and the net proceeds, after operating expenses are 
deducted, are distnbuted among the patrons according to the amount of 
each cme dehivred the month Scfcfr a rfrstrrbtrtnjft ts 

generally delated until the butter is sold, this means that co-operatives 
defer payment for their cream as much as a month after they have re 
ceived it Semimonthly settlements are often employed to increase the 
frequency of payment 

Privately operated creameries ordinarily buy cream from farmers at 
a stated price which is based upon current market quotations for butter 
plus a fixed differential for each pound of butterfat In contrast with co- 
operatives, they are operated for profit, and payment for cream is made 
at the time of delivery or at convenient regular intervals agreed upon by 
the operators and patrons Local creameries are generally organized as 
sole proprietorships or partnerships, but centralizer creameries are com 
monly operated as branch plants of large companies which are frequently 
subsidiaries of nationally known food products corporations 
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BUHERFAT PRICES 

Regardless of the type of creamery or the method of payment employed, 
prices received by patrons for butterfat depend upon the same underlying 
factors The mam factors are (1) prices obtained by the creamery for 
Its butter, (2) the cost of manufectonng butter, and (3) the overrun 
secured The pnee obtained for butter is directly related to the grade of 
butter that is marketed, and the grade in turn is influenced by the quality 
of the cream received by the creamery and the ability of the butter maker 
The markets available and the sales outlets used by the creamery also 
have an effect upon the price that can be obtained for the butter The 
manufacturing cost which is reflected in a creamery’s operating margin 
IS affected by wage, interest, and supply costs and the volume of produc- 
tion of the creamery 

Much confusion is encountered with the term overrun, therefore, a 
careful explanation of it is needed in order to understand its relation to 
the pnee paid for butterfat by any creamery In the first place a distmction 
must be made beuveen composition overrun and “book” or “operating” 
overrun Composition overrun is the amount of butter produced in excess 
of the amount of butterfat used in manufacture It includes the water, 
curd, and salt constituents of butter, and its volume depends upon the 
composition control exercised in the manufacturing process Since the 
law requires that butler contain at least 80 per cent butterfat a creamery 
cannot legally obtain more than 25 per cent of its butter from composition 
overrun In practice, a butter maker usually attempts to make butter 
containing 80 5 per cent butterfat in order to have a margin of safety 
above the legal standard, and, since some butterfat is unavoidably lost m 
processing, a composition overrun of more than 22 per cent can hardly 
be expected by any butter maker 

The “book” or “operating” overrun is the amount of butter made m 
excess of the amount of butterfat recorded on the books as purchased 
for butter production In weighing and testing cream that comes to a 
creamery from patrons it is common practice to w eigh to the nearest full 
pound and to test to the nearest half per cent of butterfat Fractions of 
pounds and small fractions of per cent are dropped and are not recorded 
on the books of the creamery as purchased Under typical local creamery 
conditions the butterfat gamed m this way offsets the fat losses experienced 
in manufactuTe and brings the overrun figure which is computed by the 
bookkeeper up to nearly 24 per cent Under circumstances where a 
creamery receives an unusually large number of small shipments of cream 
It IS possible for this “operating” overrun to exceed 26 per cent 

Composition overrun is computed for purposes of technical control, 
and “operating” overrun is computed most frequently for creamery busi- 
ness analy-ses Although the “operatmg” overrun is dependent upon the 
composition overrun, it bears a more direct relationship to the price 
paid for butterfat because it is more inclusive Therefore it is the operating 
overrun which is cited as a factor affectmg butterfat pnee 
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The hiqhcr the “operating” o\cmin obtained, the higher the price a 
creamery can afford lo pay for butlcr/nt This must not l>c misinterpreted 
to mean that a higher operating overrun indicates a higher net return to 
all patrons Farmers often use the butterfat price as the sole basis for 
selecting the creamery they \mU patronize and there is a temptation for 
a creamery manager to augment his pnee by short weighing his patrons 
to secure a higher operating overrun No adv antage accnics to the patrons 
from such maniptilations Unfortunately, too, the ciTicicncy of a butter 
maker is often judged on the l>asis of the operating overrun reported by 
his creamery Actually the composition overram is the mote accurate 
measure of his efficiency, and higher composition overruns yield greater 
net returns to patrons 

The inter relationship between the three factors affecting the pnee of 
butterfat is such that the price of butterfat may be either alxivc or below 
the pnee of butter As the price of butter rises, «o, too, docs the value of 
the overrun But the total expense involved in obiainmg cream, converting 
it into butter, sending butter to market, and selling it on the market does 
not necessarily change When the price of butter rises to the point where 
the value of the overrun exceeds the total expense incurred, a creamery 
can pay a higher price for a pound of butterfat than it receives for a pound 
ot butter For example, if ii » assumed that a cTcomery obtains 24 per 
cent operating overrun and has a total expense of ten cents per pound of 
butterfat, at any time the price of butter nscs abov e 42 cents the creamery 
can afford to pay a higher pnee for a pound of butterfat than it receives 
for a pound of butter However, if the price of butter goes below 42 cents 
and the costs remain the same, the creamery must pay less for each pound 
of butterfat than it receives for butter as shown by the following catcula 
tions 


Cinh 
(« X 1« 
tWX lU 


CenU 
42 os 
19 60 


Apparently the feeling once prevailed that the overrun belonged to the 
creamery to defray us expenses Or, in other words, the price a creamery 
paid for butterfat should coincide with the price u received for butter 
There is no justification for such a belief The example illustrates clearly 
that a Co operative which distributes currently the net proceeds obtained 
from the sale of butter in each pool penod to its patrons, cannot operate 
on such a basis 


AAARKETING OF BUTTER 

Butter IS ordinarily packed in bulk containers at creameries and shipped 
to central markets, where various arrangements are made for its sale 
The trend from the use of wooden tubs containing 63 to 64 pounds of 
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butter to less expensive containers made of fiber or paper was accelerated 
by the war The greater part of the butter supply is now shipped to market 
in fiber boxes of about 60 pounds, except on the West Coast where the 
68 pound wooden box has been lai^cly replaced by a fiber box of the 
same size In the early da>s commission men handled the butter on the 
market for the creamery management, selling it to wholesale dealers or 
jobbers at the best price obtainable and charging a commission for their 
services This method of sehing butler was unsatisfactory because cream- 
eries desired to knoiv more about how much they w ere gomg to receive 
before butter was shipped, and wholesale dealers wanted to be sure of 
a supply of butter for their regular trade Therefore, commission men, 
as such, ha\ e been almost entirely elimmated b> an arrangement whereby 
wholesale dealers contact the creameries directly, contracting to accept 
all butter at a price bearing a specified relationship to current market 
quotations on day of arrival Wholesale dealers who receive butter m this 
way resell it to jobbers and retail distributors Their service may include 
storing the butter until it is needed and packaging it in suitable forms, 
such as pound or quarter pound prints and rolls, however, some cream- 
enes package the butter before it is shipped The larger chain store systems 
have established butter departmenU to buy butter directly from creamenes 
for distribution through their own stores Here the several marketing 
functions of assembly, storage, and distribution arc performed by one 
organization These methods of selling butter arc best adapted to the 
needs of independent creamenes that cannot afford to establish their own 
marketing facilities for the small volume of butter which they make 
Centralizer creameries usually sell butter under their own brands m 
pnnted packages ready for retail distribution \Vhen their volume is 
sufficiently large they perform many of the marketing functions them- 
selves When they do their own advertising and distnbuting they eliminate 
the need for wholesalers and jobbers m handling their products This is 
especially true when centralizers are operated by large food products 
distnbutors who deliver butter along with meat or other dairy and poultry 
products, using the same marketing facilities for all of them Under such 
conditions they are able to establish direct, dependable market outlets 
for the butter 

In order to secure some of the marketing advantages enjoyed by larger 
creamery operators, a number of local co operative creameries have joined 
together to form marketing organizations designed to handle their sales 
problems for them The pnncipa! function of these marketing associations 
IS to find markets for all the butter supplied b> co-opcratives affiliated with 
them, this they attempt to do b> dealing directly wnth butter distributors 
in distant markets Their work involves grading and packaging the butter, 
establishing brands, advertising, and sometimes wholesale distribution of 
their products In addition, these marketing associations aid member 
co-opcrativcs b> purcliismg supplies and equipment for them, b> con- 
centrating butter for carloi shipment, and by handling other dairy and 
poultry products for them Thc> luivc also brought greater net returns 
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to the farmers by improving the quality of butter produced in the cream- 
enes This quality improvement has been stimulated by technical as- 
sistance furnished to butter makers and by the use of state and federal 
inspection services for grading butter so t^t it can be bought and sold 
on a quality basis 

A trend away from central madcet selling of butter has been apparent 
for some time Following the lead set by the co-operative marketing as- 
sociations, large butter buyers have located receiving plants closer to the 
supply areas Advantages gained from this type of operation include re- 
duced transportation costs, lower labor and supply costs, and closer 
supervision of production 


BUHER STORAGE 

Pnor to the development of adequate cold-storage facilities the price 
of butter fluctuated over a wide range each year, owing to the fact that 
production was subject to marked seasonal fluctuations while consump- 
tion was relatively stable Prices reached a low point in the spnng months 
of heavy production and a high point in the fall and ivmter when supplies 
were short To take advantage of these price changes butter dealers began, 
as soon as cold storage was available, to store butter m the spnng and 
summer for sale in the fall and winter Well over 100 million pounds of 
butter are usually put into storage each year dunng the months of May, 
June, July, and August, and sold from September to April Since sm^l 
creamenes do not maintain sufficient cold storage space and usually do 
not have enough capital to finance storage beyond their routine needs 
in manufactunng and shipping, roost butler carried over from one season 
to another is stored by butter dealers m their own plants or m warehouses 
located near the large markets This is a speculative operation because 
of the price uncertainties involved and is, therefore, outside the scope of 
creamery operations, especially in the case of co-operative creameries In 
the long run average butter prices must vary enough from the season of 
heavy production to the season of low production to cover costs of warc- 
Aoasrng- and fosses mearred intacr shrinkage and quality deprecia- 
tion m storage, or dealers will find it unprofitable to handle these opera- 
tions 


BUHER PRICE 

In many respects the butter price is the most important of all dairy 
pnccs because of the fact that milk not needed for other dairy products 
tends to find its \vay into the butter market In other words, butter, be- 
cause It IS a relatively stable product, easily made and readily salable, 
IS the product ^vhlch tends to absorb all excess milk It means, too, that 
any milk used for other products roust bring as great a return as milk 
going into butter or u >mU be used for butter instead In view of this 
fundamental relationship between butter and other dairy products, many 
miJk-product pnees are computed on the basis of the price of butter For 
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ers, chain stores, and co-operatne sales agencies that are equipped to take 
butter directly from the manufacturer and distnbute it to retad stores or 
consumers all over the nation, there is still a definite need for butter 
market exchanges where these distnbutors as well as the dealers who act 
as wholesalers and jobbers can sell butter not needed for their established 
outlets and buy butter to offset occasional shortages Only so long as the 
\ olume of such sales is sufficient to adequately reflect supply and demand 
conditions, is the use of prices arrived at on the exchanges as a basis for 
market values justified 
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Chapter 6 

NOMICS OF THE CHEESE 
INDUSTRV* 


Logically following market milk and butter in the scheme of 
dairy products is the cheese industry, which absorbs the next largest 
amount of milk While cheese has been made for ccntunes and the industry 
IS of major importance in some countries, it holds a less pretentious but, 
nevertheless, substantial position in the United States Although relatively 
few farmers produce milk for cheese making, the interrelationship of 
dairy products, with milk as the common raw material, makes the pros- 
perity of this industry of interest to every dairy fanner 

LOCATION OF THE INDUSTRY 

The cheese industry has the unique distinction of being one of the most 
concentrated industries in the country, from the point of view of manu- 
facturing area By far the most of it is located m Wisconsin, where 45 per 
cent of the American Cheddar cheese, 86 per cent of the brick, 66 per 
cent of the Swiss, 51 per cent of the Limbui^er, and 91 per cent of the 
Munster cheese, and 61 per cent of the Italian varieties of cheese were 
made in 1945 Figures 14 and 15 illustrate how the factories are segregated 
into fairly compact, ^\cll defined areas m Wisconsin — an economically 
significant characteristic of the industry 
Cheese production began in this country about 1795 and was confined 
to farms until about the middle of the last century, when farm production 
reached its highest peak In 1851 the first cheese factory was established 
in Oneida County, Nen York, inaugurating the shift to factory production 
which IS now practically complete The following table traces the change 
from farm to factory production in census years 


Cheese Made on Farms and in Factories in the 
United States, 1849 to 1929 
(Million Pounds) 


'Vear 

Firm Cheese 

Fectory Cbee e 

All Cheese 

1849 

105 5 



10a 5 

1859 

103 7 

— 

103 7 

1869 

53 a 

1094 

162 9 

1879 

2T2 

215 9 

243 2 

1889 

18 7 

238 0 

256 7 

1899 

16 4 

282 0 

298 3 

1909 

94 

TJl 1 

320 5 

1919 

63 

473 6 

479 9 

1929 

— 

483 9* 

483 9 


* CotUin cEkm indudni in Ctnstts fisum antil 1919 


* Harr> C Trclogan Ph D Assistant to the Administrator, Aqncultural Research 
Administration U h Dept of Agr , contnbuted this chapter 
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important areas os shown above 


Accompanying the farm to factory shift was a general western tnov^ 
mentm the cheese producmgarea Pnorlol870NewYork\sasconsidercd 
the center of cheese production, but with the gradual encroachment of 
the market milk industry m that area the cheese industry moved towarf 
\Visconsin following a course just south of the Great Lakes As is indicated 
m Figure 1 6 the Lake states are still among the important cheese produc 
ing states Production, particularly of Cheddar cheese is on the decline 
in New York but it is on the incline in the other Lake states A second- 
ary cheese producing area has also been established m the \Vest Coast 
region centering in Oregon Recently there has been a svnng toward 
cheese production m several Southern states where dairymg is takmg a 
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firmer hold and in some market milk areas where milk surpluses are being 
diverted to cheese. 

These latter trends have caused cheese production to increase more 
rapidly in states other than Wisconsin, which in 1923 produced 73 per 
cent of the Cheddar cheese, compared with 45 per cent in 1947. Although 
Wisconsin’s pre-eminence has been reduced, it has not been seriously 
threatened as indicated by the table below sho%ving the five states leading 
in cheese production in 1947. Several factors responsible for the location 
of the cheese industry in Wisconsin include: (1) density of cow population, 
(2) nationality of the people, and (3) natural conditions. 


Fit's Leading States in Production of Cheese, 1947 ^ 


State 

Pottodi Produced 

Per Cent of U.S 
Production 

Wisconsin 

Titiuands 

535,873 

45.5 

Illinois 

86.861 , 

7.4 

New York 

71,043 1 

60 

Minnesota 

j 58,949 1 

SO 

Missouri 

58,738 

5.0 

Total 

811,467 

! 68.9 

U. S. production 

1 1,177,669 1 

1 1000 


Dense cow population. A dense cow population is required for cheese- 
producing areas because the milk must be delivered fresh and sweet to 
cheese factories. In the past a distance of five miles was generally con- 
sidered the limit of practicability for hauling milk to the small cheese 
factories, which were usually supported by 15 to 35 patrons living tvithin 
a radius of one or two miles of the factory. For such a factory system 
Wisconsin, with Uvice as many cow’s in proportion to the crop acreage as 
any other state, presented ideal conditions. Recent trends in cheese 
production have been toward larger cheese factories. Improved roads and 
truck transportation have permitted plants to dra\v milk from wider areas 
and have made the operation of cheese factories practical in regions 
formerly unsuited for cheese production. Consequently, progress in this 
direction has been most rapid outside of Wisconsin where new factories 
have been started. ^Vithm ^Visconsin the trend has been marked by a 
tendency to consolidate small factories into larger, more efficient plants, 
and, with the advantage of the dense cow population, this state promises 
to remain the stronghold of the cheese industr>'. 

Nationality of the people. Modem cheese making traces back to 
widely separated localities in Europe where different types of cheese, 
characteristic of the localities, have been made for centuries. As cheese 
became an article of commerce, different kinds became identified by 
names of the geographic locations of their origin. Since methods of making 
^d h andling these cheeses \\ere intimately related to the climatic and 

* Source: Bureau of Agricultural Economics, O. S. Dept. Agr. 
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Fig 15 Swiss cheese factories, like other foreign type cheese factories 
in Wisconsin, tend to be concentrated in particular areas 

local conditions of their points of origin, cheese making became an art 
passed down from one generation to another by the inhabitants The 
cheese industr> in this country ongmaled largely from a series of trans- 
plantations by immigrants from these areas who sought to evade the 
pressing economic circumstances of the Old World b> finding new homes 
where lhc> could carr> on their accustomed pursuits Wisconsin has been 
the settling place for man> of these people, who congregated in relati'cly 
small areas and began to make cheese similar to the kind the> made m the 
old counir> E\cn today the majority of cheese makers in foreign-type 
cheese factories arc direct descendants of European cheese makers 

Natural conditions The natural conditions of Wisconsin arc well 
adapted to the needs of the cheese industry The abundance of cold water 
and the cool nights are desirable natural factors for inexpensive operation 
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of cheese factories In addition, Wisconsin has the advantage of being 
situated in an area that is better suited for dairying than for any other 
kind of agricultural enterprise In these respects it approximates the 
conditions existing in European countries where cheese was developed, 
and for this reason attracted the immigrant cheese makers who had much 
to do with the settling of the industry in that state 

However, the natural conditions of the area and the nationality of 
the people are becoming smaller factors in limiting the spread of the cheese 
industry This is true for several reasons In the first place, most of the 
domestic cheese made today is a distinctly American variety of English 
Cheddar cheese Second, cheese making is now being developed on a 
scientific basis, and, as more is learned about the bacteriology and chem- 
istry involved in cheese making, a fund of technical knowledge is becoming 
more essential to the cheese maker than just practical experience This 
knowledge, together with the application of modern refrigeration and 
humidification to oveTCome inferior natural conditions, is being used to 
adapt cheese factories to areas where they were previously impractical 

CHEESE FACTORIES 

In 1947 there were about 2,400 cheese factories m the United States 
This represents a significant reduction in number since 1919, when 3,500 
were in operation The decline is largely accounted for by the increase in 
size of cheese factories Nevertheless, the prevailing type of cheese plant 
IS still the small crossroads factory requiring a small capital outlay for 
building and equipment 

Since the patrons are usually located near the plants, cheese factories 
are quite well adapted to the co operative type of management About 
one fourth of the factories are owned and operated b> co operative asso- 
ciations These co operative factories ordinarily operate on a butterfat 
pooling system, making monthly or semimonthly payments to the mem- 
bers The capital stock is owned by the member-patrons, who seldom have 
any formal delivery contracts with the factory A much higher proportion 
of the foreign type cheese factories than of the American cheese factories 
are co operatively owned 

Pnvately operated cheese factories are usually oivned by the cheese 
makers or are operated as one of several factories organized in a chain 
These factories usually pay for milk on a butterfat basis, with the price 
beanng a definite relationship to a current call board pnee of cheese. 

LOCATION OF MARKETS 

Since cheese is a comparatively bulky article, it is produced fairly close 
to consumption centers, but it must be manufactured close to the raw 
product For these reasons cheese production tends to fit into the zones of 
milk production between the market -milk area and the butter -producing 
area Wisconsin, located between the large Chicago and Eastern milk 
markets and the Mmnesota butter areas, is ideally situated for cheese 
production and marVcting 
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Fig 16 Cheese production in T941 i$ shown here 


The concentration of cheese factones m Wisconsin also has several 
marketing advantages the cheese can be assembled more easily for ship 
ment and the cost of transportation to warehouses is less where the produc* 
rng area is restricted The majority of Wisconsin cheese factones sell their 
output to assemblers and processing plants located at convenient con- 
centration points, where the product is waxed, cured, graded, and packed 
Cheese assemblers sell to wholcsalcand retail distributors in all parts of the 
country, including some of the small towns where the cheese was onginally 
made This may look like wasted effort, but it is really efficient division of 
labor and yields the advantages of specialization The market for cheese 
IS so restneted in these small towns that the work of stonng cheese for an 
adequate period and grading it on a uniform basis for the wholesale trade 
cannot be efficiently done there When cheese from a number of small 
neighboring towns can be concentrated for expert grading and diversion 
to markets where it is in demand, a greater return is realized by the 
producers The pnncipal markets are, therefore, located m such Wisconsin 
towns as I']ymouth, Green Bay^ and Bcaier Z>am, and in Chicago and 
Jhcw VoTk 


AtARKCTlNG CHEESE 

Many co-operative cheese factones are affiliated with overhead market- 
ing organizations which perform warehousing, grading, and advertising 
functions and handle the deielopment of sales outlets for them These 
marketing associations arc similar to those handling butter, often bemg 
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one and the same, attempting to standaTxii2e both products for a more 
direct-marketing system. 

Some cheese factories are controlled by large cheese processing cor- 
porations that market their own products. But many more belong to the 
group of independent factories that contract ^vith large cheese dealers 
to ship their entire output to them. Other privately owned cheese factories 
sell their cheese to buyers in nearby markets ^vho often send out trucks to 
gather the cheese at the factories. 

Most of the trading in cheese is based upon market-price quotations 
determined in somewhat the same manner as the butter -price quotations. 
To assist in the determination of cheese prices call boards are conducted, 
the most important of which is located at Plymouth, Wisconsin. Under the 
call-board system sellers list on a blackboard the quantity, quality, and 
price of the cheese they have to offer for sale, and buyers place their bids 
for this cheese in allotted spaces opposite the sellers* listings. For a specified 
time after all bids are posted, the buyers and sellers are given an oppor- 
tunity to alter their prices if offers and bids do not coincide, and sellers 
may withdraw their offers if the bids are not satisfactory. When the bids 
and offers do coincide trades are consummated, and the price paid is a 
matter of public record. After the call is concluded market reporters 
consider the trades that have been made and related market information 
in determining price quotations for the day. Since the cheese call boards 
are usually conducted only once a week, prices established by them tend 
to be influential or provide benchmarks for trading for a week at a time. 

MERCHANDISING CHEESE 

Natural cheese has always been difficult to handle on the retail market 
because it arrived in sizes and packages inconvenient for the consumers. 
It has also been subject to criticbm for lack of standardization and poor 
grading. Consequently, the American housewfe has been slow to adopt 
cheese as a daily food staple in the home and it has tended to be consumed 
more as a specialty food by people who have been able to obtain cheese 
that satbfied their particular tastes. While some changes in natural cheese 
production, such as the introduction of smaller sizes and pasteurization, 
have helped to meet these objections, the development of process cheeses 
has done much more to overcome merchandbing difficulties. 

Process cheese b a reconstituted, blended product that b made by 
combining a number of natural cheeses of different grades and subjecting 
them to a standardized manufacturing procedure which results in a rela- 
tively uniform product. Thb product is put into small, convenient pack- 
ages that appeal to the housewife. Intensive merchandbing campaigns 
conducted by process cheese manufacturers and dbtributors have con- 
tributed a great deal toward the increased consumption of cheese in recent 
years. Many of the process cheeses arc prepared as spreads or incorporated 
■"■ith other food products, and thb also has tended to expand the market. 

Soft cheeses, including cream, Ncufch&tcl, and cottage varieties, arc 
V’cry perishable products tlvat arc made and sold under entirely different 
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circumstances from those of the American Cheddar and foreign-type 
cheeses Soft cheeses are often made as by products in city tndk plants and 
distnbuted along with milk and cream either to retail stores or directly to 
consumere on regular milk routes In addition, they are made largely 
from surplus milk or skim mdk available from market milksheds, or from 
ingredients made and stored dunng seasonal milk surpluses For these 
reasons they are frequently considered more closely akin to the market- 
milk industry than to the cheese industry 



Chapter 7 

ECONOMIC PHASES OF THE CON- 
CENTRATED MILK PRODUCTS* 


Ever since man began to use milk as food he has sought methods 
to presen e the milk so that he could consume it at his convenience Butter 
and cheese are less perishable than milk and answer this purpose to some 
extent, but these products contain only a part of the food elements of 
whole milk and do not keep well at high temperatures Since milk contains 
87 per cent water, several methods of reducing the water content of milk 
ivithout removing any of the food substances have been devised as means of 
preserving it Dried, evaporated, and condensed milks are the products 
resulting when this is done Dried milk — milk with nearly all water 
removed — was the first of these products to be produced, but most of the 
dned milk produced today is made from skim milk and is, therefore, 
discussed under the heading of milk by-products Condensed and evapo- 
rated milks are made from whole milk and have a smaller proportion of 
water remo\ed Together they absorb about 6 per cent of the total milk 
production and represent the most important concentrated-milk products 
made at present Since the concentrated-milk industries are of relatively 
recent origin, however, the future may find them playing a greater role m 
the scheme of dairy products 

The first successful method for condensing milk was invented by Gail 
Borden, who received a patent on his process in 1856 Production of 
condensed milk did not get well started until the Civil War, Avhen the 
product was found to be well adapted as a food for military forces and 
demand for it increased tremendously At that time condensed milk, 
which IS sw eetened with sugar to aid preservation, was the only concen- 
trated-milk product available, but its importance today is overshadowed 
b> unsweetened concentrated-milk products Nevertheless, about 114 
million pounds of sweetened condensed milk were packed m cans and used 
for infant feeding and culinary purposes in 1946, and 73 million pounds 
were sold m barrels for use in the preparation of candy and other manu- 
factured foods 

A vanet) of other concentrated-milk products are called plain con- 
densed milks They are for the most part unsweetened, unsterilized, and 
penshable products that are sold m bulk for use m prepared foods Even 
though their aggregate production exceeds 100 million pounds, they are of 
minor importance among dairy products, so the remainder of this dis- 
cussion will be largely confined to the evaporated-milk industry, which is 
by far the largest of the concentrated-milk industries 

‘ Harry C Trclogan, Ph D Assistant to the Administrator, Agncultural Research 
Administration, U S Dept ofAgr contributed tins chapter 
83 
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Ftg 17 Condensed and evaporated milk producfion in 1941 f$ pictured 
above 


EVAPORATED MILK 

About 60 per cent of the water is removed from tvholc milk in the prep- 
aration of evaporated milk, which is an unsiseetened product that is 
stenlued and packed in hermetically sealed cans to preserve it The process 
for making evaporated mdk was patented by John B Mcycnberg m 1684, 
and commercial production was started the following year at Highland, 
Illinois It was not produced extensively until the needs of the military 
forces in the Spanish Amencan War stimulated its production Subse- 
quently, production increased steadily, reaching about 2,500 million 
pounds in 1940 and then increasing to a wartime peak of 3,776 million 
pounds in 1945 In 1946 production dropped back to around 3,000 mil- 
lion pounds 

Location of the industry Evaporated-milk plants arc to be found in 
28 states in areas of heavy milk production Wisconsin, svith 35 plants and 
nearly 30 per cent of the total output in 1946, is the leading state Ohio 
and California, each with about 8 per cent of the production, and Michi- 
gan and Illinois with 6 per cent each, are the other leading states (Fig 
17 ) These plants are usually located on the outskirts of large market 
milkshcds where surplus milk can be diverted to them during the season 
of heavy milk production Surplus market milk is very desirable for the 
manufacture of evaporated milk, since a high quality raw milk that will 
resist curdling at the high temperatures to which it is exf>osed in processing 
IS required Because of transpcfrtation costs for the finished product, 
evaporated milk plants need to be located w iihin a reasonable distance of 
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the markets. Consequently, they are to be found in every section of the 
country fairly close to large consuming centers. 

Size of plants. A typical evaporated-milk plant handles from 150 to 
175 thousand pounds of milk a day during the flush season and about half 
that amount during the wnter season. Plants of this size are much larger 
than those used in the manufacture of the other dairy products, but the 
nature of the evaporated milk industry calls for large size factories. 
Expensive, specialized equipment is required to make evaporated milk, 
and close supervision of this equipment by well-trained men is necessary 
to obtain a satisfactory product. Therefore, an evaporated-milk plant 
entails a large investment in men and machinery, and in order to keep the 
costs per unit of product down, each plant must have a high production. 
The entire production of evaporated milk was accomplished in 142 plants 
during 1946. Supplementing these main evaporating plants, however, 
were a number of milk receiving plants, some of Nvhich were used to 
concentrate milk for shipment to the main factories where it was reproc- 
essed and canned. 

Type of ownership. Factories of the size and scale of evaporated-milk 
plants are best operated by competent corporate managements. This is 
true because few proprietorships or individual co-operatives have sufficient 
capital or the kind of management suitable to operate such large and 
complex business enterprises. A further deterrent is the difficulty of finding 
sales outlets in competition with the highly advertized brands of large- 
scale producers. During the war, with assured outlets to governmental 
agencies, co-operatives making evaporated milk increased in number from 
6 in 1940 to 11 in 1945. They manufactured about 7 per cent of total 
production in 1946. With the exception of the 11 co-operatives, all of the 
53 companies comprising the evaporated-milk industry’ are general 
corporations. About half of these companies are ako engaged in the pro- 
duction of other concentrated milk products, such as condensed milk, 
condensed skim, and ice cream raix- 

Milk procurement. The production of evaporated milk is highly sea- 
sonal, with over t^\^ce as large an output in the spring as in the fall. This 
fluctuation is caused by the normal seasonal change in raw-milk pro- 
duction on the farms supplying the cv’aporatcd-milk plants, and by the 
shift of surplus milk from the milksheds to evaporating plants in the pe- 
riods of heavy production. Since evaporated milk is an imperishable prod- 
uct, great quantities of it can be made when milk is plentiful and stored 
for sale at a later time. When the evaporated-milk industr>' absorbs a 
large amount of raw milk during seasons of hea\y production it has a 
stabilizing effect upon all dairy prices- Figure 18 shows the magnitude of 
the seasonal change in production, indicating the part the industry' plays 
In absorbing or adjusting the milk supply that is put on the market. 

The price paid for the raw milk ddivered to evaporated-milk plants is 
closely related to current prices of butter and cheese. The evaporated -milk 
niarkcting agreement and license, introduced under the Agricultural 
Adjustment Administration and continued until 1947, illustrated this 
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Months 


D 8 D«pt Arr-< Bnrtiti of Arrtealtnrol Economic* 

Fig 18 This groph shows the seosonot index of production of evaporated 
milk. 1921-1940 


point by establishing minimum pnces for this milk computed according 
to a deBnite formula It was estimated that about six times as much milk 
was used for butter as was used for cheese, the formula weighted these tsso 
basic pnces accordingly by taking six times the butter pnce plus one times 
the cheese price and dividing by seven to obtain what was known as the 
combined butter and cheese value This value was raised by 30 per cent 
and multiplied by the butierfat content of the raw milk to obtain the 
minimum price for milk that was used for ev aporating This represents a 
somewhat higher pnce than farmers obtained from the milk going into 
butter and cheese, because quality requirements are more stnngcnt, be 
cause farmers supplying the evaporated milk plants arc generally located 
closer to the cities ivhere costs of production tend to be higher and because 
there is no skim milk, whey, or buttcrmiifc remaining for them to use as 
feed In 1946 the approximatel> seven billion pounds of milk that were 
transformed into evaporated milk brought farmers well over 200 million 
dollars 

Sale of evaporated milk After the milk is evaporated it is packed in 
cans of two sizes containing 6 ounces and ounces, for the retail trade 
These cans carry brand names so consumers can easily recognize the 
product on the shelves of a grocery or delicatessen The brands that 
are promoted \s ith advertising to stimulate the demand for them arc called 
advertised brands and generally sell for slightly higher wholesale prices 
Because of these brands, the safe of evaporated miJk is closely identified 
with the manufacturers, who tend to develop their own sales organizations 
to wholesale the product in their principal sales temtones tVhen the 
evaporated milk manufacturer is associated with one of the nationally 
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known food distributing companies the product is delivered directly to the 
retailers along with other food products Co-operative associations pro- 
ducing evaporated milk are usuaJI> affiliated with one of the co-operative 
sales agencies for dairy and poultry products that handle their distribution 
problems for them 

Annual per capita civilian sales of evaporated milk increased from about 
10 pounds in 1925 to 17 4 pounds in 1940 One of the factors contributmg 
to the consistent prewar expansion of this industry was the decline in 
retail prices that accompanied the growth of sales Contrary to what might 
be at first concluded, this decline of retail pnces was not at the expense of 
farmers who continued to receive prices for their milk comparable to those 
paid by other dairy manufacturers in the same period Rather, it resulted 
from shrinkage in manufactunng margins which were cut in half dunng 
the period Lower unit manufactunng costs denved from elmunation of 
many spoilage losses, from benefits of large scale production, and from 
general improvement in efficiency, accounted for the major part of the 
reduction m margins and pnces Despite greatly increased production 
civilian per capita sales fell off slightly during the war owing to overseas 
requirements In 1946, civilian per capita sales recovered to the point 
'vhere they again exceeded 17 pounds 

Concentrated -milk products constitute the majorit> of exports of all 
dairy products in peacetime years Evaporated miik holds the most 
prominent place among these exports Because of its keeping qualities 
without refrigeration, it is especially well adapted for use in tropical 
countnes, where it finds a good market 


USES OF EVAPORATED MILK 

Domestically, almost all the evaporated milk is used for household 
purposes It can be diluted with water and consumed in much the same 
"ay as whole milk In the feeding of infants this practice is especially 
important It is also used for cooking, and with breakfast foods and m hot 
beverages m place of cream Thus it is evident that evaporated milk can 
and does compete with market milk and cream and tends to make the 
demand for those commodities more clastic That is to say, when the prices 
of market milk and cream get too high in relation to evaporated milk 
pnces, the latter may be substituted for the former by consumers who 
cannot afford to pay the higher pnces Sales promotion work on the part 
of the Evaporated Milk Association, the industry’s trade organization, has 
done much to populanze the product among consumers who do not 
require it for its keeping qualities alone Consequently, it is accepted as a 
kitchen requirement, not only to replace other dairy products but also in 
new uses that have a tendency to augment the total demand for milk 
The nearly 50 per cent increase in evaporated milk output during the 
war was primarily for the purpose of meeting military and relief 
demands The product was particularly v\cll adapted to use under the 
adverse conditions encountered during mihtaiy operations because of its 
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high nutritive quahtics and case SMth which it could be transported, 
stored, and distributed without refrigeration 

Following the war the large expansion in the infant population together 
with other demands has caused domestic utilization to be distinctly higher 
Consequently, production has been mamcatned well above prewar levels 



ECONOMIC 


— Chapter 8 

S OF THE ICE CREAM 
INDUSTRY' 


Although precursors of ice cream, such as cooled be\’erages, and 
water ices, were kno\vn centuries ago as popular desserts they T\ere of little 
economic significance because of their prohibitive costs It was not until 
milk products ^vere used as ingredients for frozen delicacies in the eight- 
eenth century that they became of any significance whatsoever to the 
aauy industry Ice cream, which consists pnmanly of dairy products that 
are mLxed together, s^veetened, and frozen, was first made commercially m 
mis country m 1851 by Jacob Fussell of Baltimore In succeedmg years 
F^ell was able to establish plants in large Eastern cities, but the industry 
did not grow much until inventions of the cream separator, mechanical 
refrigeration, and the Babcock test made production more feasible and 
economical on a larger scale The industry has expenenced rapid growth 
since 1900, when some 30 million gallons of commercial ice cream was 
niade In 1946 about 645 million gallons were manufactured at wholesale 
and 64 million gallons at retail This together with 15 million gallons of 
milk sherbets and ice milk utilized the equivalent of around 10 billion 
pounds of milk 


LOCATION OF THE INDUSTRY 

Commercial ice cream making was started by a milk dealer who was 
seeking a profitable ^vay to dispose of his surplus milk and cream The 
industry has been closdy associated wth the milk business ever since 
helping to utilize seasonal surpluses of milk and cream Ice cream is made 
m cities and towns close to the ultimate consumers because it has to be 
maintained at low temperatures at all times It is cheaper to transport the 
raw materials to a point near the consumers than it is to ship the finished 
product packed in ice, dry ice, or refrigerated trucks over long distances 
onsequently, the ice cream industry is scattered all over the country, but 
^ IS most important in large consuming centers The industnal states 
specially m the East, are the stronghold of the industry (see Fig 19) * 

bource of milk supply Because ice cream plants are located m cities 
towns along with market milk plants and are often operated in con 
junction %vith them, dairy products that go into ice cream usually come 
same sources of supply as market milk and cream Sometimes 
eaith authorities require that all cream used in ice cream be obtained 
the milkshed as it is defined by them or that it pass their inspection 


In such 


fuses this cream usually carries a special classification when it is 


Adminy!7 ^ Trdogan PhD Assistant to the Administrator Ajncultura] Research 
‘“siration U S Dept of contnbuted this chapter 
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Fig 19 Ice cream produc^ton of wholesote by stofw m )94) ts shown here 

sold by producers’ bargaining associations and yields a higher return than 
cream used for other manufacturing purposes 3n markets uhcrc there are 
no icmtonal restnctions on cream used for lee cream, manufacturers use 
surplus milk from the milkshed during the flush season and obtain cream 
from outside areas when the supply is short 

Some deviation from this general pattern has occurred with the more 
widespread production and sale of icc cream mix While mix prepared for 
wholesale or retail distribution in cither fluid or dry form may be manu 
raefured m the same plants that freeze ice cream, there is a tendency for 
much of it to be produced in dairy manufacturing areas rather than near 
consuming centers This is especially true of dry mix preparations 
Although the year around demand for ice cream is increasing fortu 
nately it is heaviest at the time of year when milk production is also high 
On the average, for the last 15 years more than 50 per cent of the ice 
cream was produced during the warm months from May to August, 
therefore the use of milk for ice cream tended to relieve seasonal m»lk 
surplus problems During peno«is of limited milk supplies, ice cream 
makers can resort to concentrated milk products and butter as sources of 
buttetfat and other milk solids These products can be obtained econonu 
cally from distant markets 

Plants Most vee cream is manufactured m rather large specialized 
plants producing more fhan 500 thousand gallons a year Nevertheless, 
most plants producing ice cream are small or medium sized plants which 
make ice cream exclusively or m combination with other dairy products, 
such as market milk and butter The total number of ice cieam plants has 
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been slowly increasing The following table shows the number of plants of 
different sizes, measured in terms of annual gallonage, m operation in 
1946 


Number, Size, avd Production of Wholesale Ice 
Cream Plants, 1946 * 


Number of Plants 

Sue 

(GalloDs) 

Gallons Produced 

1,362 

Less than 50 000 

27,187,651 

856 

SO 000-200000 

89,603 545 

401 

200,000-500 000 

125 223 487 

177 

500 000-1000000 

124,723 642 

124 

Overl 000000 1 

263 846,579 

2 920 

All plants 

1 630 584 904 


Distribution Methods of manufacturing and selling ice cream have 
altered considerably in the last two decades Formerly, nearly all mix was 
made and frozen in plants that distributed ice cream to independently 
operated retail outlets, such as drug stores, confectioneries, hotels, and 
restaurants Under this system the icc cream was sold m bulk, i e , it was 
sold in cans containing several gallons to retailers who repacked it m 
suitable containers or served it at fountains as customers called for it This 
may still be regarded as the basic pattern of ice cream distribution but a 
large share of current production is distnbuted m other ways 
Among the more significant changes has been the tendency toward 
segregation or separation of the two basic functions in ice cream manu 
facture, viz , the making of mix and the freezing of ice cream Contributory 
to this change has been the widespread introduction of small freezers, 
commonly known as counter freezers, in specialized ice cream stores or 
other retail outlets, such as drug stores, department stores, hotels, or 
confectioneries, that handle relatively large volumes of sales Of perhaps 
as great importance, has been the perfection of household refrigeration 
permitting convenient home freezing of ice cream, and also the develop- 
ment of prepackaged ice cream mix for retail distribution to supply the 
demand for a product that can b#* frozen at home 

Several other innovations have tended to retard the trend away from 
^he performance of the mix making and ice cream freezing functions m 
single plants, and to expedite a net increase in ice cream sales One has 
been the dev elopment of specialized ice cream retail stores operated by the 
ice cream manufacturers who thereby distribute their ice cream pro- 
duction through their own retail outlets Another has been adoption of 
Continuous freezing operations which has made large scale freezing of ice 
Cream much more efficient Accompanying this later development has 
^cen the greater emphasis placed upon distnbution of prepackaged icc 
cream The sale of ice cream packed in suitable retail containers has 
received considerable impetus with the general development of frozen 
foods d isinbution through groceries, delicatessens, and other outlets Ice 
* Fxdi r’jnt; counter freezers — Bureau of Agricultural Economics U S Dept Atrr 
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cream has shared the benefit of these new avenues of distribution along 
with prepackaged fruits and vegetables, meats, fish, and other perishable 
products 

Peddlers are also used extensively m the distnbution of ice cream 
products In only a few cities do they function as wholesale distnbutors of 
ice cream to retail outlets More commonly, they are found engaged m 
retail distnbution handling prepackaged goods and specialty items 
Among dairy products, ice cream probably exhibits the least uniformity 
m methods of distribution, methods of pricing, and standards of quality 
For the most part, the quality and prices of ice cream and other frozen 
dairy foods arc determined by the manufacturers who tend to adapt them 
to their own system of distribution As the ice cream industry has pro- 
gressed, however, the quality of ice cream has been improved through the 
introduction of minimum standards and other regulative legislation that 
provides a greater degree of standardization As a net result of the changes 
that have occurred, consumers have gained confidence in icc cream as a 
nutritive food product that is readily available 

FLUaUATIONS IN PRODUCTION 

Production of ice cream is subject to extreme fluctuations because of 
rapid changes m demand that occur under varying conditions The out- 
standing and most familiar fluctuation is seasonal The table on page 93 
traces production by months for 1947 illustrating the great changes that 
occur from one season to another In addition to seasonal changes, short- 
time fluctuations occur from day to day and week to tveek m response to 
holiday and hot weather demands 

Changes of longer duration that accompany business cycles also find ice 
cream particularly vulnerable because of us dependence upon the m 
comes of industnal workers During the depression years following 1929 
production dropped 42 per cent On the rebound, production increased 
as much as 22 per cent in one year, from 1935 to 1936 And with the inci 
dence of prosperous times in 1941, a 23 per cent increase was expenenced 
followed by another 19 per cent increase m 1942 War requirements for 
other dairy products caused ice cream production to be curtailed, but still 
higher levels of production and consumption were reached after the 
cessation of wartime controls, reaching a peak of 713,594,000 gallons in 
1946 

Any industry that experiences large fluctuations in production is bound 
to have unutilized capacity in the way of buildings, equipment, and labor. 
In the ice cream industry idle production capacity is especially great 
because the products arc extremely perishable and can be stored only at 
high cost Sufficient equipment must be maintained at all times to produce 
enough product when demand is at its maximum With the seasonal 
change amounting to well over 200 per cent and with long and short time 
changes in production of exceptional magnitude in addition, the resulting 
high maintenance cost causes prices of the products sold to be quite high 
One alternative to high prices is to level out production and escape such 








— Chapter 9 

ECONOMIC PHASES OF MILK 
BY-PRODUCTS 




Equally as wasteful as the old deeiuve coke o\'ess that permitted 
valuable coal by products to escape into the air, have been the dairy 
plants that allowed milk bj products to drain down the sewer Yet thou- 
sands of gallons of skim milk, buttcmulk, and whey are still thrown away 
or inefficiently used, especially during the season of flush production 
The incidence of such waste has been grcatl> reduced during recent >ears 
but IS far from being eliminated The principal reason for this is that 
demand for dairy by products has not been developed to the point where 
all these secondary dairy products can profitably be prepared for use In 
other words, these secondary milk products, with known nutritional and 
industrial value, have not attained sufficient economic value to be used 
exhaustively They consist of the bulky materials that remain after the 
most valuable poruons of milk have been removed and concentrated m 
cream butter, and cheese The vast majority of them arc available only 
at a distance from markets, therefore the way to increase their economic 
importance is to com ert them into products that can be easily transported 
to factones and consumers Since they are all perishable and contain a 
large amount of water, the first step m their preparation is to enhance 
their keeping qualities and reduce their weight by the removal of water 
Desiccation evaporation fermentation, and separation are some of the 
processes resorted to in accomplishing this purpose, and a variety of milk 
by products ultimately results 

DRIED PRODUCTS 

Dried milk products arc the most important of these milk bj products 
Although methods for drying mJk have been known for centuries, tech 
mques for preparing dned milk on a commercial scale were not perfected 
before 1898 and production was slow to develop until about 25 years 
ago The table on page 95 traces the production of major dned xmlk 
products from 1916 to 1947 Dried v\holc milk is not, of course, a by 
product of milk but it is here included for comparative purposes ^Vhlle 
production of dned whole milk is important and was expanded greatly 
during \S orld \Var II the dry milk industry has been primarily concerned 
with the production of milk by products, especially those made from skim 
milk 

Dry v% hole and dry skim milkswcreesscntialvvartime food requirements 
Meeting these requirements involved a program of acceleratmg the trend 

‘ Harry C Trelogem Ph D Ass slant to the Adnunutrator, Agricultural Research 
Adnunistrat on U S Dept of Agr Mmtnbuted this chapter 
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toward greater deliveries of whole milk rather than farm separated cream 
to creamenes and expanding plants and facilities to manufacture the 
increased volume of skim milk which became available for processing 
This phase of plant expansion ^vas by far the greatest experienced by the 
dairy industry m recent times Results of these changes are indicated by 
the following comparison of the estimated 40 billion pounds of skim mill 
produced in this country in 1935» 7 billion pounds or about 18 per cent 
were used in the production of milk by-products, of the estimated 44 
billion pounds produced in 1946, about 15 billion pounds or 34 per cent 
^vere manufactured into milk by products 

Since the delivery of whole milk is desirable from the standpoint of 
efficient use of the nutrients of milk and since most farmers who shifted 
to delivery of whole milk probably will desire to continue this method of 
marketing their milk, large supplies of factory skim milk will contmue to 
be available for manufacture One of the most important problems of 


pRODUcnov OF Dried Milk Products 1916 to 1945* 
(Thousand Pounds) 



Dried Mliole Milk 

Dr ed Stun M Ik 

Dred Butte m IL 

Malted Milk 

1916 

2 123 

16463 

342 

11 654 

1917 

3 139 

22 624 

2 557 

13 852 

1918 

4164 

25432 

4 341 

15 623 

1919 

8 661 

33 076 

5 279 

17 436 

1920 

10 334 

41893 

5 586 

19 725 

1921 

4 242 

38 S46 

7 708 

IS 651 

1922 

5 599 

41 217 

9 007 

13 659 

1923 

6 569 

62 251 

13 032 

15 331 

1924 

7 887 

69 219 

18 058 

IS 899 

1925 

8 931 

73 300 

22 772 

18 050 

1926 

10 768 

91 718 

31 378 

20 673 

1927 

11464 

118 123 

38 435 

22 116 

1928 

9 603 

147 990 

45 502 

21 128 

1929 

13 202 

207579 

54 215 

22 850 

1930 

15 440 

260675 

64 60! 

22 691 

1931 

12 627 

261 938 

50 533 

19197 

1932 

11983 

270 194 

48 712 

13 215 

1933 

13 026 

288 114 

53 260 

12 430 

1934 

15 869 

294 935 

53 636 

13 569 

1935 

19 432 

297 506 

49 823 

15 485 

1936 

18 ISO 

349 550 

50 781 

18 495 

1937 

13 676 

372 203 

53 141 

19 785 

1938 

21496 

449 291 

63 910 

15 394 

1939 

24 472 

408380 

62187 

19 744 

1940 

29 409 

481 805 

67 931 

20 021 

1941 

45 627 

476 497 

73 614 

23 242 

1942 

62 167 

626 362 

69 687 

34 6/9 

1943 

137 766 

533 899 

60 995 

49 435 


177 761 

599,319 

56 683 

40,549 


217 276 

660 034 

49 5/8 

42 751 


188 406 

667 169 

38 627 

45 029 


164 8S8 

700 090 

45 437 

37 354 


the dairy industry is to expand domestic outlets for skim milk products, 
^pccnlly nonfat dry milk solids, so that pnccs of these products will be 

* Bureau of Agricultural Economics U S Dept Agr 
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Year 

Fig 20 Amount of &kim milk ulili 2 ed 
products IS given in the obove graph 
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Dry Skim milk 

a»C«fein 

CotUgr Chr«(e 
Condenied Skim milk 

American Cheese (Full Skim) 
— ' Concentrated Skim milk 
{For Animal Feed) 

the production of several milk by 


maintained at remunerative levels, thereby encouraging producers to 
market whole milk and enabling processors to make exhaustive use of the 
milk solids available in commercial channels 

Over half the skim milk that is used in manufactured products is made 
into powdered milk products Figure 20 indicates the relative importance 
of the vanous products in their utilization of skim milk In addition to 
the manufactured skim milk by products cited in Figure 20, about 1 5 
billion pounds is used in skim milk drinks, such as cultured buttermUk and 
chocolate drinks Vast quantities of the remainder of the skim milk supply 
is used for feeding livestock on farms where it is produced 
Tivo principal types of dned milk products, viz , spraj and drum-dned 
powders, are differentiated on the basis of the processes used m their 
production Spray dried milk is made by forcing a spray of milk into a 
chamber where it is dried in a current of hot air, sctllmg to the bottom in 
the form of a ivhitc poivder Drum or roJJer-dned milk is produced by 
spreading a thin film of milk over steam heated revolving drums on which 
the milk quickly dries and from which a continuous sheet of dried milk is 
scraped This type which is sometimes made under a partial vacuum is 
pulverized before it is packed In general, the drum drying process yields 
a less soluble product, but with improvements in the handling of the raw 
material and in processing the greater proportion of roller powder made 
from skim milk, meets requirements for human consumption, the remain 
der being utilized for animal feeds Dried skim milk of infenor quality used 
for ammal feed is now commonly denoted as dry skim milk as distinguished 
from nonfat dry milk solids which arc suitable for human consumption 
Spray -dried skim milk is used almost entirely for human consumption and 
usually demands a price premium over the drum dned product 

Plants used in the preparation of spray-dried nonfat milk solids arc 
necessarily large, specialized, and expensive They can be operated only 
in districts where the milk supply is plentiful and where a large part of it is 
separated for cream, because they must necessarily be operated near 
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capacity if unit costs of production are to be kept sufficiently low to make 
the enterprise profitable. Since the spray-dried product is usually con- 
signed to human consumption, only high quality skim milk is used in its 
preparation. For these reasons, spray drying plants tend to be located near 
the outer limits of market milksheds where quantities of cream are sepa- 
rated from high quality milk. 

Drum drying units are obtained in comparatively small si 2 es and are 
less expensive than spray dryers. They can be installed in less specialized 
plants and are operated in greatest number as adjuncts to butter produc- 
ing creameries that have skim milk and buttermilk available for drying. 
Most of the drum-dried milks are produced in the Midwestern butter 
producing states. 

Nonfat dry milk solids can be stored in cool, dry places without deteri- 
orating unduly. Like other preserved dairy products, production is highly 
s^onal. This is to be expected since the skim milk supply fluctuates in 
direct proportion to butter and cream production. Returns obtained from 
the conversion of skim milk into dried products aid in augmenting and 
leveling out the income of farmers producing milk in butter and cream 
areas. Where milk is sold for market milk part of the year, this eflect is 
especially beneficial for it serves to case the shock of low surplus milk 
prices. Practically all nonfat dry-milk solids are packed in bulk, i.e., in 
barrels, drums, or bags of 100 to 200 pounds capacity. It is sold for the 
roost part to food manufacturers who use it in large quantities. Its use 
ro the household for cooking is increasing but has not kept pace wth 
the rapid increase in demand for it by bakers, candy and ice cream 
roakers, and prepared food manufacturers. Studies by home economists 
and household usage here and in other countries show that it has a definite 
place in the home pantry. It is probable that the future will find it stocked 
on retail grocery shelves \vhere housewives can obtain it in containers of 
suitable size which protect the product until used. Considerable expansion 
ro such utilisation will be required to bring unit costs of packaging and 
distribution do^vn to levels comparable with other dairy products. 

Some dried-milk products made from skim milk are prepared in combi- 
nation \vith other food products, such as cereals, sweetening agents, and 
flavoring materials. They are almost invariably branded products made 
and advertised for specific markets or purposes. Their aggregate pro- 
duction, however, is of minor importance. 


CONDENSED SKIM MILK 

^foduction of condensed-skim-milk products has been extremely varia- 
ble in recent years. It consists of plain condensed skim milk and sweetened 
condensed skim milk, both of which arc packed in bulk for similar types 
cl uses. The sweetened product is less perishable and is subject to more 
sporadic production which has reached as high as 800 million pounds a 
year, but is generally less than plain condensed production ^vhich in late 
years has fluctuated between 400 and 500 million pounds. 

These products arc made for the roost part in small factories that operate 



98 


DAIRY SCIENCE, SECOSD EDITION 


condensing pans to di\ ersify their milk outlets and m specialized plants 
developed to supply particular markets Ice cream companies and candy 
manufacturers who desire a high percentage of milk solids in their products 
find them convenient sources of milk solids not fat They are best suited 
for such purposes when large quantities can be used quickly so that they 
can be transported m carlots The sweetened product is also useful, 
especially to ice cream plants highly dependent upon local milk supplies, 
for carrying skim milk over from times of surplus to periods of short 
production A very small amount of sweetened condensed skim milk is 
packed as case goods and some concentrated skim milk is also made for 
animal feeding All together these condcnscd-skim milk products account 
for the utilization of some two to four billion pounds of skim milk annually 
Skun>mitk cheeses By far the most sfcim-milk cheese consists of the 
cottage variety To some of it small amounts of cream arc added and sold 
as creamed cottage cheese Other variants, such as cottage cheese curd, 
pot cheese, bakers’ cheese, farmers’ cheese, and hand cheese, are prepared 
from skim milk with no subsequent addition of butterfat Some farmers’ 
cheese or cheese curd, however, is stored for utilization as a raw material 
in the preparation of cream, Neufchitcl, and similar varieties of cheese 
made during periods of short milk production Several varieties of Italian 
and Greek cheeses are also closely related to cottage cheese and are essen- 
tially skim milk products For the most part these products have a high 
moisture content and poor keeping qualities and are prepared currently 
for prompt consumption Total production of these cheeses evidently ac- 
counts for i\ell over one and one half billion pounds of skim milk utiliza- 
tion Since there is considerable duplication m their production figures be- 
cause one item is used m the production of another, for example, cottage 
cheese curd used for the production of creamed cottage cheese, it is diffi- 
cult to estimate a net production figure for them 

Another cheese made from skim milk is called full skim Amencan 
cheese Ordinarily, the production of this product is very small A part 
skim American cheese is also made and sold in small quantities, rarely 
exceeding more than a few million pounds annually 

Casein Historical!) , casein has ranked as an important outlet for skim 
milk accounting for ^^eH over one billion pounds of skim-milk utilization 
annually, but in recent years the diversion of skim milk to food products 
has caused domestic casein production to fall off sharply Heavy impor- 
tations of casein hare helped to offset the decline in domestic supplies, 
but this product stands as a potentially \ aluablc outlet for skim milk when 
it becomes more readily available Casein has long been recognized as a 
valuable animal protein that has many uses The protein can be precipi- 
tated out of skim milk easily with the addition of acid and in this way many 
creameries can obtain it in crude form and ship it, either as wet curd or 
dried casein, to industnal markets where it is frequently ground and 
bleached Some large companies also produce casein under carefully 
controlled conditions, using rennet as well as acid precipitation to obtain 
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a rather chemically pure product that is adaptable to specialized food 
uses, as well as industrial uses Among the more important uses for ^vhlch 
casein is particularly well suited arc paints, adhesives, paper coatings, 
plastics, and textiles 

Other skim-milk products A variety of other products are made from 
skim milk The most important of these, however, are cultured buttermilk 
and flavored drinks, especially chocolate drinks, which together account 
for the utilization of nearly one and one half billion pounds of skim milk 
Skim milk curd, uhich is very closely related to either cheese curd or 
casein, finds a wide variety of similar uses for cosmetics, plastics, and the 
like 

Buttermilk. The composition of buttermilk, which is the by-product 
of creamery butter, as distinguished from cultured buttermilk, is quite 
similar to that of skim milk but only a relatively small amount of it is used 
for direct human consumption Most of this is prepared as dried butter- 
niilk or incorporated with skim milk tn the preparation of dry-milk prod- 
ucts Dried buttermilk production which usually exceeds 50 million 
pounds annually has declined along with the reduction in creamery butter 
output The majority of dried buttermilk is prepared by the drum drying 
process for animal feeds, but some buttermilk obtained from the churning 
of sweet cream is spray dried for use m the preparation of human foods, 
iuch as special baby foods 

Closely rivaling dried buttermilk in importance is condensed, evapo- 
*'ated, or semisolid buttermilk All of these products utilize annually 
about one billion pounds of buttermilk, or less than half the total supply 
A large share of the remainder is returned to farms for animal feeding 
^vhere its value approximates that of skim milk 

Whey. Whey is a by-product of both cheese and casein production 
Whey that remains after the removal of casein from skim milk in large, 
specialized by product plants is used as a raw material for the production 
of valuable products such as albumen, alpha lactose, beta lactose, lactic 
acid, and various lactates of metal Markets for these products are gener- 
ally of a specialized nature and quite limited m scope Cheese whey is 
osuaiiy of lower quality than casein whey but it is a potential source of 
Jnost of these products Mhich might be -tapped any time the supply of ca- 
sein uhey proves inadequate to meet the demand for such products 

Whey that is obtained incidental to cheese production usuall) contains 
enough butterfat to justify separating it to recover the fat Some of it is 
then used for animal feeding, some for drying in the production of whey 
powder, and some for obtaining milk sugar or lactose and albumen, and a 
small quantity is concentrated into whey cheese or Pnmost, as it is known 
in the Scandina\nan countries 

Because it is an excellent source of ribofla\in, the concentnting and 
drying of cheese whey for animal feed has expanded in recent >ears The 
140 million pounds annual dried whey production represents the most 
important outlet for this b> product Considerable quantities of whey are 
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Still discarded by small, isolated cheese factories that do not have enough 
of It to compensate for processing or are too far from processing plants to 
compensate for transporting it to them 

Collection of whey from numerous cheese factories for processing at 
centralized plants was stimulated during the war by the urgent need for 
milk sugar The great expansion m demand for milk sugar occurred when 
it prosed to be a valuable ingredient in the culture media for producing 
penicillium mold from which the “wonder” drug pencillin is produced 
In response to this demand, production of milk sugar was increased from 
an average of about six million pounds per jear to more than 20 million 
pounds Much of the milk sugar is marketed as crude sugar for direct 
utilization in penicillin production or other uses The majonty of the crude 
milk sugar, hoivever, is refined for utilization in pharmaceuticals, baby 
foods, and a wide variety of minor uses, as well as for penicillin The whey 
residue remaining after milk sugar is extracted is largely utilized in the 
production of animal feed products 

Chemists and food technologists have found literally hundreds of uses 
for the basic materials found in milk by products and it is predicted that 
milk will assume a still more important role as a source of mdustnal raw 
materials m the future 
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HOW INFORMATION IS OBTAINED 

While the origin and early development of cattle is naturally 
obscure, much light has been thrown upon the subject by students of 
history, paleontology, and zoology By discovering here and there bits of 
description or crude sketches of cattle in the earliest records of man and 
later from more complete descriptions of different breeds and species of 
cattle, the historian has contributed materially to our knowledge of the 
probable development of our domesticated cattle The paleontologist, 
by careful search for remains of prchistonc and later forms of cattle and 
by careful study of the parts found, has been able to piece together a 
fascinating and informative story of the earlier forms and the changes 
down to the present The zoologist has contributed to the subject through 
studies of the structure of the different parts of the anatomy of the species 
By observing the differences and similanties of the species and breeds the 
zoologist can determine relationships which suggest the manner of devel- 
opment 

When the results of the work are brought together, a fairly coherent 
and logical story of the origin and development of domestic cattle is 
presented 


The Fomily and Genus 

All domesticated catde belong to the family Bovtda, whose members 
ruminate, have hoofs with an even number of toes, and differ from some 
other ruminants by possessing permanent horns with a bony core Mem- 
bers of the family have been found in fossils going back to the Miocene 
Domesticated catde are descendants of wild species belonging to the 
genus Bos This genus has five subgenera or groups Although cattle are 
descendants of only the first or taunne group, these groups are listed and 
briefly described, in order to show the close relationship of the other 
groups to cattle 

1 Tavrtm group All domesticated cattle belong to this group Its members 
roamed over Europe, Asia, and Northern Africa from the Miocene period 
until rather recently Only those that have escaped from domestication are 
found in the wild state today Thc> differ from other groups of the genus by 
having cjlindncal horns which ire set wide apart on a ndge on top of the 
a flat forehead, with the eyes far below the horn, and long nasal bones 
Tlie back is straight and the hair short TTie spinal processes of the dorsal 
101 
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vertebrae slope toward thepostenorand arc of moderate height Subdivisions 
of this group smU be discussed later 

2 Bibovtne group TTicsc arc humped forms and arc natives of southern India 
The forehead is shorter with less width at the base of the horns than that of 
the taunne group The banting and gam, which measure nearij six feet in 
height, belong to this famtl>, as does the ga^al 

3 Leptobotine group This group is extinct Fossil remains have been found in 
France, Ital^, and India The fossil bones indicate that members of this group 
were rather small Thctr horns were cylindrical and curved, but were at- 
tached far below the v ertex of the skull 

4 Bisonlme group The American bison, the European bison, and the Yak are 
members of this group The Yak still ranges over large parts of Asia in the 
wild state and is also extensively domesticated The American bison, often 
but erroneously called buffalo, has not been domesticated except for crossing 
vvith cattle for the hy brid “cattalo ’* 

5 Burjahne group This group is represented by the true buffalo of Asia and 
southeastern Europe, where it is used for milk production, for beef, and as a 
draft animal 


The Toufine Group 

The taunne group is divided into two species (1) Bosaurvs tjpicus, which 
includes all domesticated types without humps, and (2) Bosaurus tndteus, 
those having humps The latter is confined to Asia and Afnca m the form 
of the zebu, except for the few that have been imported for crossing with 
cattle, particularly in southeastern United Stales The zebu has a hump 
over the withers, large drooping ears, and a grunting cry which distin 
guishes It from Bos lypxcus No wild forms of the zebu have ever been 
found, Us complete domestication is reported to have taken place as early 
as 2000 B c It crosses readily with Bos i)picus, and some students believe 
that zebu crosses played a part in the development of some of the Euro- 
pean breeds of cattle Bos iamus fypiats includes all the modem breeds of 
cattle in Europe and America According to Morse ^ there are fouv wild 
forms of this species from which the modem breeds have sprung They 
are Bos pnmigemus. Bos longtfrons. Bos frontosus, and Bos brachycephalus This 
classification is based largely upon skull characteristics and is not agreed 
to by all students of the problem 

Bos pTtmtgemus was a large animal 6 or 7 feet in height at the withers, 
which roamed over all of Europe, Western Asia, and Northern Africa 
during the Pleistocene and recent geologic periods The horns were long 
and strong, and made a semicircular curve forward, the forehead and 
face were long and narrow The whole cranium was flat, presenting a 
straight line from a lateral view There is evidence that wild specimens of 
prtmtgenius have lived in histone times Caesar, Tacitus, and Pliny referred 
to them as urus (Fig 21 ) Tacitus and Phny desenbed dnnking horns 
that held as much as two ur (about 12 quarts) Some authonties believe 
that the wild forms were not exterminated until the seventeenth century 


I Morse T/u Anettlty of Domeshcaled Cattle 
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21. The Augsburg painting of the Uru$. 


The ^vUd cattle of Chilltngham Park, England, are said to closely resemble 
the wild Bos pnmigenius. 

Bos longifrons were much smaller than Bos prtmtgemus (Fig. 22.) The 
horns of the former Nvcre shorter, as was the face, but the forehead was 
longer and broader than that oi Bos prtTmgemus, with a ridge in the center 
of the poll. Bos longifrons was of solid color, a black-brown to gray. Its 
forehead, too, was deeply dished. The time of origin of Bos longifrons is 
speculative, some claiming its e.\istence in the Pleistocene age, while others 
claim that it is of a more recent origin. Bos longifrons was found all over 
hurope during the Stone Age and in England during the Roman occupa- 
tion. It is generally credited as being the ancestor of the Welsh and High- 
land breeds. 

Bos frontosus is found in fossil form in Sweden. Its head, large in com- 
parison to the rest of the body, had an irregular contour with wide fore- 
K horns were relatively straight and came out from the top of 

he skull. Bos frontosus is believed by some to be the ancestor of the moun- 
cattle of Scandinavia; by others it is said to be the domesticated 
orm of Bos pnmigentus. The Simmenthal breed of Switzerland and some 
spotted breeds of southern Germany arc of the frontosus type, lending 
su^ort to the contention of some people that its origin was in Germany. 

Bos brach^cephalus, a short-headed race like Bos frontosus, does not have 

c support of all authorities as being a distinct type equal with pnmigentus 
^nd longifrons. The skeletons found in the moors of Laibak had heads 
^°*‘cheads broader than long, and horns attached to a short pedestal. 

Whether or not Bos brach^cephalas and Bos frontosus arc proved types 






Fig 22 Skulls of four types of progenitors of domesticated cattle A, 60s 
hngrfrom 8 Bos frontosvs C Sos brachycephahs D Bos pnmigenius 

separate and distinct from Bos prmigemus and Bos longifront, the latter 
two are unquestionably the most important in the development of the 
modem breeds 

HISTORY OF CATTIE IN EUROPE 

Since all the American and European breeds of cattle originated m 
Europe, a brief history of the development of cattle in Europe will be the 
history of the development of the modem breeds Exactly when cattle 
were first domesticated is not known, but that cattle were domesticated 
at a very early stage of human civilization is certain Long before man 
was able to make records, cattle were used by him as beasts of burden 
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and for food This has been proved by the discorery of the skeletons of 
cattle in ancient cave dwellings in Switzerland, together with the cave 
dweller s remains and the crude stone implements ^\hIch he used 
It IS probable that as man changed from savagery to a barbanan stage 
of civilization, he began to domesticate cattle With the advent of the 
Bronze Age, man in all probability began the development and breeding 
of cattle The earliest of written records refer frequently to cattle, they 
are mentioned frequently in the Old Testament of the Bible The oldest 
f the walls of caves in Switzerland depict cattle as beasts 

of burden, and from the emphasis given to the udders, it may be assumed 
that milk production was stressed The great philosophers of 2,000 years 
ago, especially Pliny, \vrote of cattle breeding as an art Alexander the 
Gr^t is said to have imported into Greece more than 2,000 cattle from 
ndia Caesar wrote of the milk and cheese produced in what is now 
Holland The Romans brought cattle with them m their invasion of Eng- 
land, and the Celts took cattle with them wherever they went These 
are just a few of the many known facts about the early history of cattle in 
Europe 


Origins of Breeds 

How so many breeds have come into existence may readily be under- 
stood if one takes into account the fact that cattle were scattered through- 
out early Europe and that there was little communication between the 
various peoples, who were banded together in groups for protection against 
conquest It is to be expected that each group would select their cattle 
or certain characters, that these characters would differ from those for 
"'hich other groups selected their catde, and that each group would 
Continue to breed for such characters Sooner or later, then, all the cattle 
one locality w ould become rather pure for such character or characters, 
snd would become a breed In addition, climatic and food conditions m 
c different localities had their effect upon the selection of types The 
Cold of the North necessitated selection for resistance to cold Scarcity 
grazing forced the selection of specimens that ^vcre good grazers, while 
^ different, less aggressive type suited the conditions m localities where 
Erases were luxuriant 

u America there are about 17 breeds of cattle, m Bntain there are 
**|ure than 60 breed®, as listed by McConnell, and in Germany there are 
or 60 breeds The improvement of breeds is discussed m Chapter 
» Systems of Breeding ” 


Classification of Cattle 

Cattle may be classified according to breed, ongin, use, and degree of 
According to Werner the breeds can be grouped according to the 
ype from which they descended, as follows 




Rg. 22. Skolls of four types of progenitors of dotnesficofed coltte: A, Bos 
long’ihons; B, Bos honlosus; Z, Bos braehycephofus; D, Bos primigenius. 


separate and dbtinct from Bos pnmigenitu and Bos longtfTons, the latter 
two are unquestionably the most important in the development of the 
modern breeds 


HISTORY OF CAmE JN EUROPE 

Since all the American and European breeds of cattle originated in 
Europe, a brief history of the development of cattle in Europe will be the 
history of the development of the modem breeds Exactly when cattle 
were first domesticated is not known, but that cattle were domesticated 
at a very early stage of human civilization is certain- Long before man 
was able to make records, cattle tvere used by him as beasts of burden 
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and for food This has been proved by the discovery of the skeletons of 
cattle m ancient cave dwellings in Switzerland, together with the cave 
oweller s remains and the crude stone implements which he used 
It IS probable that as man changed from savagery to a barbarian stage 
01 civilization, he began to domesticate cattle With the advent of the 
bronze A^, man in all probability began the development and breeding 
Ot cattle The earliest of written records refer frequently to cattle, they 
are mentioned frequently in the Old Testament of the Bible The oldest 
01 drawings upon the walls of caves in Switzerland depict cattle as beasts 
01 burden, and from the emphasis given to the udders, it may be assumed 
mat milk production was stressed The great philosophers of 2,000 years 
ago, especially Pliny, wrote of cattle breeding as an art Alexander the 
weat IS said to have imported into Greece more than 2,000 cattle from 
mdia Caesar wrote of the milk and cheese produced in what is now 
Holland The Romans brought cattle with them in their invasion of Eng- 
and, and the Celts took cattle with them wherever they went These 
are just a few of the many known facts about the early history of cattle in 
i^uropc 


Ongtns of Breeds 

How so many breeds have come into existence may readily be under- 
stood if one tales into account the fact that cattle were scattered through- 
out early Europe and that there was little communication between the 
various peoples, who were banded together in groups for protection against 
conquest It is to be expected that each group would select then* cattle 
or certain characters, that these characters would differ from those for 
'vhich other groups selected their cattle, and that each group would 
continue to breed for such characters Sooner or later, then, all the cattle 
one locality would become rather pure for such character or characters, 
2nd would become a breed In addition, climatic and food conditions in 
^ ^^^crent localities had their effect upon the selection of types The 
Co d of the North necessitated selection for resistance to cold Scarcity 
Jrazing forced the selection of specimens that were good grazers, while 
oiiferent, less aggressive type suited the conditions in localities where 
passes were luxuriant 

fn America there are about 17 breeds of cattle, in Bntain there are 
®ore than 60 breeds, as listed by McConnell, and m Germany there are 
or 60 breeds The improvement of breeds is discussed in Chapter 
» Systems of Breeding ’ 


Classificatton of Cattle 

Cattle may be classified according to breed, origin, use, and degree of 
[^*7 According to Werner the breeds can be grouped according to the 
ype from which they descended, as follo%vs 
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Bos pnmtgenius 
Holstem-Fnesian 
Dutch Belted 
Shorthorn 
Normandy 
Polled Durham 
Red Polled 
West Highland 
Galloway 
Aberdeen Angus 
Ayrshire (crossed with longt- 
Jrons) 

Bos Jrontosus 

Simmenthal 
Breeds of Sweden 
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Bos longtfrons 
Brown S^vlss 
Jersey 

Guernsey (crossed with^nmi- 
genius 


Bos brachycephalus 

Kerry 

Brittany 

French Canadian 
Hereford 
Sussex 
Devon 


Morse criticizes this classification, stating that the Hereford has about 
the same origin as the Normandy breed, and that the Ayrshire, West 
Highland, and Galloway have more bngtfrons than pnmtgenius He also 
believes that the Kerry and Brittany are more longtjrons than brachy- 
eepkalus 

Classification according to use Cattle may be divided into groups 
according to the use for which they have been specialized These groups 
arc dairy, beef, dual purpose, and beast of burden As oxen belong to an 
era of the past, no breed in America is bred for this purpose The Amencan 
breeds are divided as follows 


Dairy Breeds 
Holstein-Fnesian 
Jersey 
Guernsey 
Ayrshire 
Brown Swiss 
Dutch Belted 
French Canadian 
Kerry 


Dual-purpose 
Red Polled 
Devon 

Milking Shorthorn 


Beef Breeds 
Hereford 
Shorthorn 
Polled Shorthorn 
Galloway 
Aberdeen Angus 


Classification according to degree of purity Cattle may be divided 
into four classes according to the degree of purity The four classes arc 
purebreds, grades, crossbreds, and scrubs 

Purebreds Purebreds are cattle that trace back through all lines to the 
foundation cattle of the breed While they may not necessanly be regis- 
tered, most purebred cattle are also recorded on the books of their Breed 
Association office All “registered” cattle are purebreds Another term 
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used for purebred is full blood Thoroughbred is sometimes improperly 
applied to purebreds 

Grades There is no uni\ersally accepted definition for grades Some 
maintain that in order to qualify for the classification of grade, one parent, 
usually the sire, must be purebred In common practice, ho\v'e\er, any 
animal not purebred that possesses the major characteristics of a breed is 
classed as a grade of that breed When successive purebred sires are used, 
grades continually approach purebreds in purity, but such animals cannot 
be registered in America 

Crosshreis Crossbreds is a term applied to the cross between tvvo 
breeds, the parents may be purebreds or grades Crossbreeding is often 
resorted to when one wants to change from beef production todarrymg or 
vice versa Some dairymen also resort to crossbreeding w hen they desire 
to mcrease the fat percentage m the milk or the amount of milk to satisfy 
special market demands 

Scrubs Animals that do not possess the chief characteristics of any 
breed or that cannot be classified in any of the above classes are usually 
referred to as scrubs The term scrub is also applied to animals of un 
desirable characteristics even though they may be purebred Other terms 
used in designating nondescript animals are mongrel and unmproved 




— ^ — Chapter II 

THE HOLSTEIN-FRIESIAN 




Holsteis-Friesian is ti!e omaAL nasie or nets breed rv America 
although It is commonly referred to as “Holsicm ” In Europe and in most 
other countries, the breed is kno\sn as Fncsian 

Characteristics The characteristics of the breed arc discussed under 
the follo\ving headings 

Stzf The Holstein is one of the largest of the breeds of cattle The 
standard is 1,250 pounds for cows and 1,800 pounds for bulls Several 
cotvs have reached a ton or more in weight, the largest recorded being 
Mantup Pieije Bess Ormsby, who weighed 2,400 pounds ‘ The fint prize 
3 year old bull at the 1934 Dairy Cattle Congress weighed 2,800 pounds 
Plumb * reports a purebred Halstem steer weighing 4,365 pounds 

Color A Holstein to be eligible for registration must be black and 
white, varying from nearly all white to nearly all black The follow mg 
colors bar registry 

1 Solid black 

2 Solid white 

3 Black switch 

4 Solid black with white on belly only 

5 Black on legs, beginning at the feet and 
extending to the knees and hocks 

6 Black on legs beginning at the feet and 
extending to the knees, with white in- 
terspersed 

7 Gray, or mixed black and while gen- 
erally prevailing 

8 Patches of colors other than black and 
white, red, brown, dun, etc 

9 Red and white 

The relative amounts of either black Qr white vary from white with 
only a small black spot to an almost total black, except for the switch, 
which must alw ays be white Red and white is present m the Hobtem as a 
recessive color and crops out occasionally In Holland, red and white 
Holsteins are common, in America, while they do occur, they cannot be 
registered 

T)pe The Hobteins are ruggedly built, with large middles and 
udders The bead is long and comparatw ely narrow, w*th a straight 
profile In dairy confonnation they vary from extreme clean-cutness to a 


* Holstejn Tnesian World Lacona N Y July 15, 1933 

* Plumb T^pet and Bretdt of Farm Amm^ Gimx and Co , Chicago 1914 



Carnation Ormsby Butter King 1165152. This cow combines high 
production with good type. She holds the world's record for Holstelns for 
®oih milk and butterfot with 38,606,6 pounds of milk ond 1,402.0 pounds of 
Dutterfat. 


rounding” type — rounding over the withers, slightly outcurving thighs, 
3nd moderate thickness of flesh throughout. The most desirable type is 
slightly rounding over the withers and straight in the thighs The Holstein 
IS frequently criticized for being low at the pinboncs and for lack of 
symmetry of the udder. (Figs 23 and 24.) 

^isposition. The Holstein cow is rather phlegmatic and docile. This 
Characteristic is no doubt due to the environment in which she was de- 
veloped, where excitable and nervous individuals were not selected for 
bmeding stock. The bulls, however, are frequently vicious. As a grazer 
the Holstein ranks fair on moderate to poor pastures and excellent on 
good pastures. Her large size increases her nutrient requirements and 
handicaps her on poor pastures, since she has to cover much more ground 
than a smaller cow to secure the needed nutrients. 

Reproduclion and longevity. Holsteins arc not noted for longevity al- 
though they average up well with other breeds. Individuals attaining 
tmusual age arc not so frequent as in some other breeds Holsteins are 
good reproducers. The calves arc strong and vigorous, weighing, on an 
average, about 90 pounds at birth. The birth weight of the calves averages 
about 7.8 per cent of the body weight of the dam 
Maturity. The Holsteins arc late maturing. Heifers are usually not 
ored until 19 to 21 months of age, producing the first calf at from 28 to 30 
nionihs of age. The Holstein attains maximum growth and development 
at about seven years of age. Only the Brown Swiss among the dairy breeds 
later in maturing than the Holstein. 


no 
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Fig 24 Denver Ormsby Denver Print® 631492 is on excellent Holstein bwl! 
He was All American aged boll in 1936 ond All Americon three year old m 
)P34 Four of his davghlen have officioi records overoging 5)4 pounds of 
butterfat and 14 520 pounds of milk 

Meal and veal The Holstem ranks highest among the dairy breeds for 
meat production It has the largest carcass of the dairy breeds, is the 
thickest fleshed, and has the lightest color of body fat In some tests 
Holstein steers have shown up favorably with beef breeds in rapidit> of 
gams and in the quality of beef produced For veal production the Hol- 
stem ranks ^vlth the best because of the size of the calf at birth and the 
light color of the body fat 

Character of milk Averaging 3 5 per cent fat, Holstein milk has the 
lowest fat content of any of the diary breeds Some produce milk with less 
than 2 per cent fat The lo\v fat content of the milk of some Holstems has 
given rise to a serious problem in furnishing market milk Some cnilk 
markets demand a 4 per cent fat milk, and milk producers with Holstems 
have found it necessary to introduce cows of the higher testing breeds m 
order to meet the market requirements By careful selection of bulls many 
breeders of Holstein cattle have succeeded m raising the fat percentage of 
the herd up to as high as 4 per cent 

Holstein milk and buffer rani Joiv in color, although some indii iduals 
produce milk that is fairly high in color The Holstem apparently converts 
carotene, which is responsible for the yellosv color of the fat and milk 
into colorless vitamin A With the exception of that of the Ayrshire, the 
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fat g obule of Holstein milk is the smallest of all breeds Because of the 
sm^l fat globules and low fat content of Holstein milk, claims have been 
made for its superiority for infant feeding Such claims, however, are not 
too well supported by scientific facts 

globule and the low fat content of Holstein milk adapt it 
f f j cheese making The small fat particles slow up the rising of the 
tat, and thus better incorporation of fat into the setting curd is permitted 
A ne lat constitutes 28 per cent of the total solids, this is the best proportion 
° Tk ^°^tds-not-fat for both cheese making and evaporated milk 
The home and origin of the Holstein. The Holstein breed was origi- 
nally developed in two proMnces of Holland, North Holland and ^Vest 
nesland The early de\eIopment is obscure, but it is agreed that these 
th ^ descendants of the wild species Bos pjimxgenius It is also agreed 
nat they have been bred in Holland for 2,000 years or more No doubt 
e conditions in Holland have had a marked influence on the character- 
istics of the Holstems of today 

Since the fertile soil and abundant rainfall of the region produce 
nxunant pastures, the Holstein-Friesians of Holland have had to live 
a most entirely upon grass during the summer months Because of the 
uxunance of the pastures, poor grazers were at no particular disadvantage 
t^ Si'azers and were, therefore, not eliminated in the development of 

Because winters were cold, it was necessary that the cows be stabled 
ne stables and homes were frequently under the same roof, necessitating 
ocile animals The custom of milking the cows out on the pasture also 
ontributed toivard the selection of docile animals This development is 
retiected m the general character of the members of the breed, as has 
®*^®3dy been discussed 

he low fat content of Holstein milk can also be explained by environ- 
mental factors during the early development of the breed The chief dairy 
product of Holland, probably even before the begmning of the Holstein 
has been cheese, and large quanUties of milk are of more im- 
of high fat content for cheese making The selection for one 

ese characters has a tendency to reduce the other Since the Holstems 
for large quantities of milk production without regard to 
^ at content, the characteristics of the breed of today resulted 
oday the Holstems (or Friesians, as they are called m Holland) are 
.. ^ "^Shly developed in Holland and are described as somewhat more 
okly fleshed than the Amencan Holstein Since the red and white colors 
e not been objected to m that country, they are quite common 
f j . Holstem-Fnesian has given nse to several other breeds TheLaken- 
I^utch Belted, the Gromgen of Holland, and the East Friesian 
ha Oldenberg of Germany, as well as breeds m Russia and Sweden, 

Je all originated from the Holstein-rnesian stock 

Records of 1621 and 1625 reveal that the first Dutch 
m America brought Holland cattle witli them In 1795 six covn’s 
" two bulls were sent to New York, but no descendants of these have 
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been traced The first importation to be kept pure was that made in 1852,, 
when Wintrop Chennery of Massachusetts bought one cow from a Dutch 

boat In 1859 Mr Chennery imported four more cows, and from these he 

developed a herd that had spread to 12 states by 1871 Up to the end of 
1871 a total of 30 head had b^n imported FolJoivmg 1878 the importation 
of Holsteinsfrom Holland became a big business, reaching a peak in 1885, 
when 2,538 head were imported m one year After this, there was a rapid 
drop in importations In 1905, the last time that Holsteins were brought 
from Holland to this country, only 30 head were imported A total of 
7,750 Holsteins have been imported into the United States 

Distribution of Holstein-Friesiaos The Holstein Fnesians are found 
in all major countries of the world In the United States, Canada, Holland, 
and Japan, Holsteins outrank any other breed from the standpoint of 
numbers In Japan 80 per cent of all cattle are Holsteins, and in Canada 
there are more Holsteins than all other breeds combined In England the 
Holstein ranks second to the Dairy Shorthorn m numbers In Germany a 
large proportion of the cattle arc Holsteins, and several of the German 
breeds have been developed from onginal Holstcm Fnesian stock Large 
numbers of Holsteins are found in Africa, South America, Mexico, 
Australia, and New Zealand To the latter four geographic divisions and 
to the Orient Holsteins have been exported from the United States 
In the United States Holsteins are found m every state They are the 
most numerous in the Eastern and North Central states, and in Washmg- 
ton and California in the West The Holstein is less popular m the South 
than the smaller breeds This is largely due to the fact that Holsteins. 
cannot endure heat as well as the smaller breeds can The five states 
having the largest number of Holsteins are New York, Wisconsin, Penn- 
sylvania, Ohio, and Michigan 

Families The Holstcm Fncsian breed m America is credited wth 
over 30 families * In the strictest sense, there are no distinct families in the 
Holstcm breed Rather than saying a Holstein belongs to a certain family, 
It is more proper to say that u traces back to a certain foundation De Kol 
2nd IS the foundation cow of the so-called Dc Kol family, and appears m 
the pedigrees of 74 out of the first 75 cows to produce 1 ,000 pounds of but 
terfat Johanna, the foundation cow of the family by that name, appears 
m 54, Inka, in 41, and Aaggic in 72 of the pedigrees of the first 75 cows to 
produce 1,000 pounds of fat Other great foundation animals similarly 
appear m the pedigrees of most of these highest producing cows of the 
breed, this shows that the descendants of great foundation animals have 
been so interbred as to largely eliminate family lines 

'ITic more noted foundation cows of the breed are Dc Kol 2nd Pietertjc 
2nd, Chlothildc, Aaggie, Johanna, Colantha, Belle Komdyke, Segu, 
Inka, Lillian Walker, Aaggie Cornucopia Pauline, Pielly, Helena Burke, 
Aaltje Posch, Spnngbrook Bess Burke, Pietertjc Maid Ormsby, Mooic, 

* Prescott Price Wing a^d Presoott holsteiv friesian history Holstcm- 
Fnesjan World Lacona N ^ 1930 
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Mercedes, and Tntomia Descendants may or may not carry the names of 
the foundation animal to \n hich they trace 
Herd books The records of the Holstein breed are kept b> the Hol- 
stein Friesian Association of Amenca, located at Brattleboro, Vermont 
This association was organized m 1885 through the union of two associa- 
tions existing prior to that time These were the Holstein Breeders’ As- 
sociation of America and the Dutch Friesian Herd Book Association of 
America The first herd book was established by the former m 1871, and 
by the latter in 1877 Animals registered m the former bear the suffix 
H H B and the latter D F 

In 1 892 some Western breeders formed the Western Holstein Friesian 
Association, which published one herd book and then united with the 
Holstem-Friesian Association of America in 1898 
Up to July 1948, 2,863,969 females and 1,015,333 males had been 
registered by the Association The number of registrations for one year 
reached a high of 169,338 in 1946 In 1947, 152,739 registrations were 
made The all time record for transfers issued was also set in 1946 with 
116,285, 1947 ranks second, with a total of 100,873 transfers being issued 
Dunng the depression years, registrations and transfers fell off* markedly 
In 1932 the total registrations were 68,315 
Advanced Registry One of the important milestones m the Holstem- 
I'riesian history was the establishment of the Advanced Registry This 
bad Its beginning in the Dutch-Fncsian Herd Book, started by Solomon 
Hoxie, who later became the first Supenntendent of Advanced Registry 
for the Holstein Friesian Association of Amenca In order to obtain recog- 
nition in the Dutch-Fnesian Herd Book, a mature female must have 
produced at least 10,000 pounds of milk m one year, heifers not in milk 
have to meet certain prescribed development of escutcheons to be eligible, 
and t^vo to two and one-half year olds must have produced 6,000 pounds 
of milk 

The first Advanced Registry of the Holstein Friesian Association of 
America, established in 1885, required that mature cows produce not less 
than 15 pounds of butter m seven da>s, or not less than 10,700 pounds of 
milk in 365 days, or not less than 589 pounds of milk in ten days Require- 
ments for younger animals were proportionate!) lower, calling for 6,500 
pounds of milk in one year from a two >ear old These records were made 
by the owner In addition, the animals had to score 75 per cent in the 
scale of points, and had to be inspected for "t>*pe ” 

In 1893 the requirements for type were dropped In 1894 the Babcock 
test was adopted, and prizes were offered for the best seven day records 
itade under the supervision of the superintendent of the Advanced Regis 
t>7 or representatives of experimental stations This was the beginning of 
official testing Later these tests were extended to seven da>s, eight months 
offer calving, 30 days, 90 da>'s, and 100 days In 1908 the semiofficial test 
365 days was adopted, official inspection being made on two days each 
month In 1917 the semiofficial test for 305 days was adopted Since then 
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many changes have been made m the requirements and classification of 
tests 

Official tests The records supervised fall into two classes Official 
Testing, and Herd Improvement Test Both of these are administered by 
the supenntendant of Advanced Registry, located at Brattleboro, Ver- 
mont 

OJktal Testing Records of 7, 30, 90, and 100 days m length must have 
supervision for the entire test These are known as AR O (Advanced 
Registry Official), as distinguished from the tests for the longer periods, 
which are known as A R S O (Advanced Registry Semiofficial) A few 
long-time tests have had constant supervision and arc designated A R O 
Ail inspections are done by representatives of the agricultural colleges 
To qualify for a 305 day test, a cow must make 85 per cent of the 
requirements of the 365 day test and must produce a Iivnng calf within 14 
months of the previous calving A 30a day and a 365 day record may be 
made in the same lactation These records arc again divided into three 
classes designated by 4X, 3X, and 2X 

"4X” designates a record where the cow was milked four times a da> for 
more than 45 days 

“3X" designates a record where the cow was milked not more than 
three times dailj except for the first 45 dap 
“2X” designates a record where the cow was milked not more than two 
times daily except for the first 45 days 
To be eligible to enter m the Advanced Registry, the cow must meet the 
requirements set forth m the following table for age and t> pe of record 


REQCrREMESTS C. PoCS*DS Fat 


Ar? 

7 n«r Keomt 

' 30> Daj Reeoni 

S65 IHy Feearil 



Fruait 

Fnaii 

Jj-ears 

10 

270J 


3 >cais 

12 

316J 

372 

4 j-eara 

14 

2S2 1 

426 

5 jxara or ovvr 

16 

3C00 


For each 1 day | 

0055 


14S 


Bull! are eligible for AdiancrdRci5i!lr> when fourdaughter! haiequali- 
ficd for the \d\anced Registry 

It IS of Significance to note that for the past ten >cars there has been 
a decided decrease in the percentage of 3X and 4\ records In 1938, 18 4 
per cent were 4\ 65 4 per cent were 3\, and 16 2 per cent were 2X In 
1947 the percentages for 4X 3\, and 2\ were 2 5, 47 0, and 49 5 respec- 
tively 

The first table on page 1 1 5 summarizes all vearl) records bj age groups 
\ total of 4,129 cows have exceeded 800 pounds of butterfat in 36? 
davs 416 have exceeded 1 000 pounds 88 have exceeded 1,100 pounds, 
md 21 have exceeded 1,200 pounds up to Jul> 1948 
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Highest Record in Each Type of Test on January 1, 1936 


Jsanse and Number 

Ape 

T M D 
(Y— \ears 

Xt — Months 

D — Days) 

MilL 

Per Cent 

Fat 

7 dayj 

raiisjeFnlly Ahbekerk 766722 

5-0-3 

567 1 

7 1 

40 4 

30 days 

Dats) Aaegie Ormsbj 3d 571 S69 

7-5-9 

3,218 7 

44 

143 0 

305 days 

Aaltje Salo Hengerv eld Segis 82399 1 

9-3-20 

28 056 8 



365 daya 

Carnation Ormsb> Butter King n65152| 

8-5-27 1 



1,402 0 


1 


B 

8 600 4 


10 Highest Yearly Bctterfat Producers 


Name and H B No 

\ M 

Milk 

Per Cent 

Fat 

Carnation Ormsbj Butter King 1165152 
^tnation Ormsbj Madcap Fajne 1639621 

Kol Plus Segis DiMe 295135 
^rnation Homestead Inta Mutual 1820797 
^arnaUon Onnsby Nellie 1326284 
p Nig of Elmuo^ Farms 1560447 

^rnation Onnsby JIadcap 1554602 
tnalion Ormsby Segis Beautj 1203395 

Aaggic Ormsby 3d 571569 (V G ) 
_*rnation Homestead Walker Bessie 1909671 

8-5 

8- 4 

9- 1 

7- 8 
6-2 

8- 7 

6- 3 

7- 8 
7-S 
6-6 

38607 

41943 

33465 

34681 

35887 

34616 

36851 

31264 

33140 

28222 

36 

33 

4 0 

38 

37 

38 

36 

4 1 

39 

45 

1402 0 
1392 4 
1349 3 
1333 8 
1328 8 
1327 9 
1313 0 
12904 
1286 2 
1266 0 

— 10 HioircsT Yearly Mii-k Producers 

_ Name and 11 I) No 

> M 

Milk 

Per Cent 

rat 

J^niation Ormsb} Maclean Pajne 1639621 
ymiiion Onnsby Iluttcr Kins 11651 52 

S,„ ."'"'J' Prospect 221846 

Prospect \ ecman 799610 
^rnatcon Ormsby Madcap 1551602 
r ' rrmet M oodetest 486S77 

J^mation Onnsby Nellie 1326284 

KoS. ‘ '■^‘1' Ps'Miac Lieun tje 849602 

1 inilemc 317396 
- ”’tta Otnisli' Canary 1115552 

8-4 

8-5 

6-8 

8-7 

6-3 

4-8 

6-2 

8-0 

6-1 

8-7 

41943 

3S607 

37381 

36859 

36851 

36218 

35'«7 

3*1627 

35340 

3^272 

3J 

3 6 

3 1 

29 

36 

28 

1 7 

33 

29 

3 1 

1392 4 
1402 0 
1159 0 
1070 2 
1313 0 
1003 9 
1328 8 
11864 

1022 9 
1105 7 
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Up to July, 1948, 2,029 yearly records exceeded 25,000 pounds of milk; 
204 records 30,000 pounds; and 11 records 35,000 pounds 

Had ImpTocment Test In 1928 a Herd Improvement Test was estab- 
lished, the results of which are published by the Superintendent of Ad- 
vanced Registry in what is known as the Red Book. This Test provndes 
that all cow^ in milk in the herd must be entered, and that the report 
must be based upon an average production per cow in the herd per >ear. 
Any cow whose record is not satisfactory may be omitted from the heid 
average provided the registration certificate is surrendered and no future 
offspring are registered Exceptions also may be made for certain old 
cows The following table, giving the summary of the Herd Test by each 
year, shows a rather steady increase in interest in this division 


Average PRonccnov or Herd Test Cows 
TO October 1, 1947 



Hrr^ 

Tested 

Con 

Mitk 

Per Cent 
F»t 

F.1 

Hods 
Over 400 
Lbs. Fat 

1929 

242 

4834 

10464 

347 

366 4 

55 

1930 

194 

4423 

11, (MS 

346 

3714 

59 

1931 

229 

4,635 

10,940 

345 

366 7 

64 

1932 

197 

4479 

11,099 

3 38 

374 6 

69 

1933 

204 

4.716 

11,256 

344 

3864 

76 

1934 

225 

4 871 

10,999 

3 45 

3800 

76 

1935 

258 

5428 

11438 

3 45 

3912 

116 

1936 

413 

8466 

11,(44 

3 46 

3819 

139 

1937 

493 

I04I7 

11,210 

3 45 

3864 

187 

1938 

478 

10660 

11410 

3 46 

383 9 

164 

1939 

433 

I04IS 

114^ 

3 46 

3931 

168 

1940 

412 

10J71 

11,700 

3 46 

4054 

210 

1941 

442 

11485 

11,859 

3 46 

4100 

243 



11.691 

11,612 



251 


477 

11.776 

11,435 

3 49 


233 


:39 

13,118 

11,036 

344 


238 


681 

16496 

11,071 



296 


874 

19 692 

11,116 



403 


1,080 

23,926 

11,119 

344 

393 4 

502 

Axenige hr 

8,326 

191499 

11443 

3 48 

391 1 

3,552 


Herd classiffication. In 1929 the Holsiein-Fnesian Association of 
America adopted a herd classification program, the first of its kind. Each 
animal is rated by an official inspector, appointed by the Associanon, into 
one of six t^pc-classcs as follows 


"Excclicnt” — range, 90 points or ov cr 
“\'er> good” — range, 85-90 pomts 
"Good Plus” — range, 80-85 points 
“Good” — range, 70-80 pomts 
''Fair” — range, 00-70 pomts 
“Poor” — range, below 60 points 

Only cm%-s that have freshened and bulls three > ears old arc eligible for 
herd classification The registration certificate is cancelled for animals 


THE HOLSTEIN-FRIESIAN 


117 


that rate “Poor” and male progeny from females classified “Fair” cannot 
be registered Provision is made for reclassification of any individual after 
a lapse of at least nine months The following table gives a summary of the 
classification work for October 1, 1946 to September 30, 1947, with the 
percentage found in each class 



Females 

Males 

Total 

Per Cent 

Excellent 

170 

37 

207 

1 1 

Very Good 

2,980 

252 

3,232 

17 2 

Good Plus 

8,127 

291 

8,418 

44 7 

Good 

5,488 

92 

5,580 

29 6 

Fair 

1,350 

7 

1,357 

72 

Poor 

41 

0 

41 

2 

Totals 

18,156 

679 

18,835 

100 0 


Studies have revealed a fairly good correlation between type classifica- 
tion and milk and butterfat production An analysis of the type classifica- 
tion of 16,696 cows of which 6,440 had Herd Improvement Records is 
given in the following table 


Clut 

Crmpt 

Tout 

Fcru1«s 

Class 

No Cows 
Uitb 
HIR 
Records 

Per Ceat 
With 
HIR 
Records 

Aset 
•ce No 
Records 
Per Cow 

Avertee 
LU Mitk 

Avers (re 
Per Cent 

r.. 

Aversjte 
Um bat 

.Bacelltnt 

511 

261 

51 1 

301 

17,215 

3 49 

601 4 

IttyGood 

3,122 

1,377 

44 1 

2 69 

15 9S8 

3 47 

554 5 

^ood Plus 

5,363 

2,213 

413 

2 47 

15 7M 

3 46 

544 S 

Oood 

6 283 

2,138 

340 

2 27 

14,960 

3 43 

513 6 

Fair 


426 

32 8 

2 17 

14 316 

341 

48S 1 

Poor 

117 

25 

214 

1 36 

12,612 

341 

430 7 

Total 

16 696 

6440 

38 6 

2 43 

15,492 

3 45 

554,5 


Recognition of sires. There arc three special recognitions of sires pro- 
vided for b> the Holstcin-rncsnn Association of America One is based 
upon the t> pc of his daughters (Silver Medal Tjpe Sire), another is based 
upon the production of his daughters (Silver Medal Production Sire), 
und Ihc third is based upon a combination of type and production of his 
‘^tughters (Gold Medal Proven Sire) Tlic requirements for qualifying 
for each of these recognitions arc 

•fikrr Mtdal T}pi Sire A bull is entitled to this recognition if 75 per 
Vrnt or more of his daughters have an average score of at least 81 points 
A minimum of ten daughters must be scored If onlv 50 to 75 per cent of 
me daughters arc classified, an av crage score of at Ic-ast 82 must lie gotten 
If the classified daughters range from 25 to 50 per cent of the total the 
«^ore must lie 83 or more and for 25 per cent or less a minimum average 
"ore of 84 points is required In all eases a minimum of ten daughters 
uiust lie classified 

If 50 per cent of his Advanced Registrv or Herd 1 rst daughters luave 
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qualified with production 50 per cent in excess of A R requirements, 
sho%Mng not less than 3 3 per cent butterfat, with a minimum of ten so 
qualifying, such sire shall be designated a Silver Medal Production Sire 
and an appropriate certificate shall be issued 
Gold Medal Ptoitn Sire Whenever a Sire qualifies both as a Silver Medal 
Type Sire and a Silver \Iedal Production Sire, he shall be designated as 
a Gold Medal Proven Sire, and an appropnate certificate shall be issued 
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Amcncaa Club 


Fig 25 Brampton Standord Sir 276574, one of the outstonding Jerjey bulls 
of the present t/me He is a Gold and Silver Medol Bull as well os o ‘ Superior 
Sire,” end has won many championships, os have his progeny 


Nervous reacUons The Jersey probably has the most highly developed 
nervous system of all the dairy breeds Jerseys are very sensitive and react 
quickly to stimuli This characteristic may be either advantageous or 
disadvantageous ^Vhen they are treated well, they are quick to respond 
favorably, but if they are mistreated, they are equally quick to respond 
unfavorably The Jersey bull is more likely to be vicious than are bulls 
from other breeds 

Gra^in^ abtltly The Jerseys rank high as grazers On moderate pas- 
tures the Jerseys have often been observed to do better than members of 
other breeds This may be accounted for in two ways The Jersey, because 
of her small size, needs less nutnents than do larger cows, and therefore 
will secure her requirements from smaller areas, and she is inherently 
active 

RepToducUon and longeiity Jerseys rank high as reproducers and for 
long productive lives The calves, however, are small at birth and con- 
sidered rather hard to raise The female calf averages about 55 pounds 
at birth, or less than 6 per cent of the weight of the dam Bull calves 
average about 60 pounds at birth The Jersey calf is not only the smallest 
of all calv es at birth, but also represents a smaller per cent of the v\ eight of 
the dam 
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■9 26 Imp Wonderful Snowdrop 941016 represents excellent Jersey type 
high production On Herd Improvement Registry she produced 833 5 
pounds of fat and 14,234 pounds of milk She has placed well m the leading 
* ows of the country, including championships ot state foirs and second 
P oce among aged cows at the National Dairy show 


^iaiunty Jerseys are the eirliest of all breeds to mature Heifers arc 
dually sufficiently mature to calve i\hen 24 to 26 months of age Many 
^onie into milk, much earlier, but this is not advisable, since there is 
^*^.^^>ent development for milk production 
Meat and veal The Jersey is the poorest of all breeds for both meat 
veal The body fat of the Jersey is yellois m color, an objectionable 
eature in meat The small size, poor fleshing, and poor distribution of the 
also contribute to make the Jersey the poorest of all breeds for either 
production 

The Jersey is no^ed for the quality of her milk rather than for 
® Jiuantity Jersey milk is superior to ail other milk in both its fat and 
o^al solids content The fautterfat in Jersey milk \anes from 4 to 8 0 per 
^®nt, With an av erage for the breed of 5 3 per cent The total solids content 
s 14 9 per cent The butlcrfat constitutes 35 5 per cent of the total 

° ‘ds, as contrasted to 28 per cent for the Holstcms Because butterfat 
onstiiutes such a high percentage of the total solids, the Jersey produces 
a lower cost than other breeds 

because of the high quality, Jersey milk is more expensive to produce 
^ tausi sell for a higher pnee The American Jersey Cattle Club has 
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and forth as the grass is eaten off Most cows of the Island are never fed 
concentrates 


According to Gow, the earliest references to the cattle on the Island 
were made in 1734, when they were described as being “supenor to the 
French Cattle ” In 1885 the U S Consulate in Liverpool declared that the 
Jersey had been purebred for 500 years UTiiIe there is no proof of this 
statement, the Islanders have traditionally had pnde in their cattle and 
confidence in their superiority over other cattle, and, therefore, have kept 
them purebred for a long time In 1789 a law was passed forbidding 
transportation of cattle to the Island except for immediate slaughter 
The smallness of the Island and the long time during which they have 
been bred pure have done much to establish the Jersey characteristics The 
Islander first selected for rich milk The closeness with which cows were 
associated wnth humans (barns and houses being together) made it im- 


perative that the animals be docile, and brought about their being re- 
sponsive to good care Because roughage has been the chief diet, if not the 
sole one, they had to be good roughage caters 
On the Island the Jerseys are very uniform as to type This is attribut- 
able to the system of registration, which requires inspection of all animals 
by a committee before registration At stated periods a committee of judges 
will respect catde at a given point The owners desiring registration take 
the animals before the judges, where they are given a rating on the basis 
of type If they meet with the approval of the judges, they are classified as 
commended, and a “C” is placed after the registration number If su- 
perior, they are given a rating of highly commended, or H C Bulls must 
be accompanied by their dams at inspection As all animals on the Island 
eligible to registration whether or not now registered, an unregistered 
animal is given the suffix F S (Foundation Stock) after its registration 
number All those with registered ancestry carry the suffix P S (Pedigreed 
i^tock) Parish shows have been another important factor in bringing 
about breed uniformity and improvement Since 1834, when the first 
parish show was held, these show s have been extended to e\ er> one of the 
^2 Parishes At these shows valuable monc) pnzes are offered for bulls, 
®nd those for which money awards are receued must be held for public 
service for one year Bulls classed as undesirable at these shows are slaugh- 
tered 


On the Island the keeping of official records of production has never 
J^n extensu e A system similar to the Amencan Register of Merit testing 
nas been adopted, but it has been used comparatively little The Jersey 
breeder on the Island has been more interested in t>'pe, m the belief that 
fright t>'pe makes for high production 

importation and distribution In England According to Gow, Jerseys 
"We kno^\n m England as early as 1771 The most significant importations 
"wc those made by Philhp Dauncc), who began importations in 1821 
jiauncev selected the largest and most rugged Jerse> s he could find on the 
siand and continued to breed for these characteristics m England By 
^breeding, he fixed large size, ruggedness, and high production \V G 



124 


DAIRY SCIENCE, SECOND EDinOV 


Duncan bred for the same objectnc, and also imported stock from the 
Island Many importations of stock from these herds were made to Amer- 
ica, where the inbreeding practices of the<c two English breeders were 
continued, these herds, then, were the sources of the so called American 
type The English Jersey Cattle Society Herd Book was started in 1879 
At present, there are about 900 meml)crs The British Royal Family have 
been breeders of Jerseys for three generations 

In Ammea Because in the earlier days no distinction was made (>ctwccn 
Guernseys and Jerseys, both l>eing called Alderney, it is impossible to 
determine the date of the first importation of Jerseys In 1811 and again 
in 1840 Alderney cows arc reported to have been imported The first 
importation of definite recoil was made by Captain Pratt in 1850 Nine 
of these are registered in Volume 1 of the Herd Register There were, 
however, several importations made prior to 1850 of which there are no 
records It vs commonly known that seamen brought over cattle with other 
cargo at the beginning of American trade No doubt many of these were 
Jerseys Since 1850 Jerseys have been imported continually and are siih 
being imported, the United States health regulations permit importations 
from the Island of Jersey liccause of the freedom from disease there 
During the two years 1934 and 1935, 266 Jerseys were imported From 
1850 to 1935 inclusive, 22,654 Jerseys were imported This vsas 1 54 per 
cent of the 1,465,872 Jerseys registered by the American Jersey Cattle 
Club From 1935 to 1948 an additional 3,475 head were imported 
Quite a number of Jerseys were imported from England before the 
Jersey Cattle Club in 1875 stopped such importations In 1900 this rule 
was rescinded by the membership, and since then a few Jerseys have been 
imported, but the disease situation in England has interrupted this trade 
The foundation animals of the St Lambert family were imported from 
England, coming from the \V G Duncan herd there 
Jerseys are found m every slate of the Union In numbers of Jerseys, the 
leading states rank as follows Ohio, Texas, New York, Pennsylvania, 
Missouri, Kentucky, and Tennessee In general. Jerseys arc most numer- 
ous in Vne SouAi and i:<ast ano in Oregon on the Pacific Coast In the early 
’80’s a Jersey cow sold for $25,000 This gave a great impetus to the Jersey 
breed, as did the winning of the dairy tests m the World’s Fair in Chicago 
in 1893, and again m St Louisinl904 Dunng the boom following World 
War I, the prices for Jerseys did not advance as much as for some other 
breeds, nor did they drop as much iti the depression period 
Jerseys are found in practically every country in the world, but they are 
the most numerous in the United States and England 

Families No other breed has as well-defined families as the Jersey 
While there have been intercrossing of families, the Jersey breeders have 
practiced Imebreedmg and inbreeding to a greater extent than is found in 
any other dairy breed Most of the Jersey families trace back to a bull for 
the foundation animal, whereas the foundation animal of a Holstein 
family, for example, is usually a cow There are so many families and 
subfamilies in the Jersey breed that space forbids mention of all of them 
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Of the Amencan type the St Lambert, Sophie Tormentor, Golden Glows, 
the St Mawes are the most prominent families Another prominent 
family is the Golden Ferns, of which Golden Fern’s Lad is the foundation 
sire He is said to have had a greater influence upon the breed than any 
other bull The Golden Joll>, Flying Foxes, Eminent, Noble, Raleigh, 
Majesty, Sybil, Fauvic Prince, and Golden Glow families trace back to 
Golden Fern’s Lad or his grandsire, Golden Lad The Owl Interest 
Blonde, Volunteer, and Design Families are also ver^ prominent 
Registration All records of Jerse>s are kept b> the American Jersey 
Cattle Club, with offices in Columbus, Ohio This club, organized in 
1868, publishes the herd book know n as the Herd Register of the American 
Jersey Cattle Club Until 1882 registering Jersey cattle and publishing the 
herd books were the only functions of the Amencan Jersey Cattle Club 
Since that time, the organization has taken over the supervision of official 
testing and breed promotion work At the present time the American 
Jersey Cattle Club empfbys sev eral field men for promotmg the interests of 
the breed 

Up to April, 1948, approximately 1,646,000 females and 500,000 males 
have been registered In 1947 a total of 81,123 animals were registered 
During the depression years the number of registrations declined to the 
w\s of 35,000 in 1933 

In order to be eligible to register in the herd books of the Amencan 
Jersey Cattle Club, animals must have registered parents, or when im- 
ported, be registered or eligible to registr> in the Island, Canadian, or 
*^nglish herd books Before an application for registry can be made, the 
^n^al must be tattooed with a suitable mark in the ear 
Testmg The administration and recording of official production rec- 
ords is a very important function of the American Jersey Cattle Club 
he system is known as the Register of Ment The Amencan Jersey Cattle 
lub began the supervision of tests in 1884 when the> authorized 7 day 
otter tests to be made under the supervision of the Club Pnor to that, 
records made pm ately have been published, the first of which was made 
'vhen the cow, Flora, v\as credited with 511 pounds and 2 ounces 
^ in 350 days 

Ihe first authenticated tests were published m 1889 In order to qualify 
Or entrance to the list, a cow must produce 14 pounds of butter in seven 
All of these earl> records were made pnvatclv and reported under 
to the Cattle Club In 1891 the testswereextended to mcluderecords 
° ony length above seven da>s, thus making the s>stem absurd, since 
o^'Tiers reported on all possible lengths of test periods In 1902 the Club 
'oted to accept seven da> tests authenticated b> colleges, and m 1903 it 
^^abhshed the Register of Ment svstem, which has undergone man) 
ti to this date, but it required from the beginning authcntica- 

t j “> experiment stations for acceptance Pnv ate tests w ere accepted up 
'H , and in 1919 short time tests were dropped 
•j. •^berc are now two types of records accepted — the Register of Ment 
and the Herd Tests Both of these tests arc conducted under the 




supervision of the Superintendent of Official Testing of the various states 
Register of Merit The Register of Merit has three classes, with re- 
quirements as follows 

Class A To be eligible to Class A, a coi\ must produce 290 5 
pounds of fat as a two >car old, or 400 pounds of fat when 
mature 

Class AA To be eligible to this class a cow must meet the production 
requirements for 365 days and, in addition, give birth to a 
living calf carried not less than 155 days during the test 
Class AAA To be eligible to this class a cow must produce in 305 days 
at least 250 5 pounds of fat as a two year old and 360 
pounds of fat as a mature cow, and give birth to a living 
calf ivithin 13 months from the previous calving 

Discarding all short time records, 76,862 production records have been 
accepted by the Club up to March 31, 1948 These records are di\ ided as 
follows 


305 days 
365 da>-s 


35 743 
41 119 


fcrCenl 
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In 1942, there was established an award known 
Champion, to be given each year Three cows have 
and including 1947, as follows 


as Lifetime Butterfat 
won that award up to 


Initial 

1942 

1943 

1944 

1945 

1946 

1947 


Name of Cow 


MOk 




Fat 


Radiant Romance Storrs S872I0 
Daisj Gray Fem 868266 
Silken Lady’s Ruby of F 919141 
Silken Lady s Ruby of F 919141 
Silken Lady’s Ruby of F 919141 
Silken Ladj ’s Ruby of F 919141 
Silken Lady’s Ruby of F 91914! 


154 327 
114,101 
122,280 
133,180 
146 236 

155 988 
166 020 


7,706 
6 251 
6,654 
7,242 
7,975 
8,550 
9,165 


Silken Lady’s Ruby of F still producing at 18 years of age has the 
i^st lifetime butterfat production record of all breeds at any tune 
tb r® champions for each of the recognized age groups m both 

e 305 and the 365 day divisions as of July 1, 1948 are presented m the 
tolloiving tables 


Nationae 365 Dav Botterfat Oumpiovs 


Qua 

Name and RR Number 

Class 

Milk 

Per 

Cent 

Fat 

Fat 

Ast 

Yr 

Jr 2 

Sr 2 

Jr 3 

Sr 3 

Jr 4 

Sr 4 

Over 5 

0\er 12 

St Mawes Lad a Lady 451568 
Raleigh’s Toron’os Meme 544207 
Viola s Rmda Fancy 716673 

Poppy’s Dortha 378520 

Welcome Volunteer Till 1316589 
Darling’s Tolly Lassie 435948 
ViveLafrance 319616 
StockwellsApnlPogisofH P 
694544 

Silken Vive Glow Dinah 905153 

A 

A 

A 

A 

AA 

AA 

AA 

AA 

A 

11,756 

16 085 
12,738 
17,804 
19416 
16,425 
14 926 
17,880 

17 336 

7 0S 

5 61 

7 38 

5 58 

5 55 

6 95 

6 91 

6 81 

5 88 

829 08 
902 IS 
939 96 
994^5 

1 076 80 
1,141 28 
103164 
1,218 48 

1,018 77 

1-11 

2- S 
2-10 

3- 4 

3- 11 

4- 0 
4-7 
8-3 

12 2 


Natioval 305 Day Butterfat Champions 


sss 

Name and H R Number 

Clue 

M Ik 

Per 

Cent 

Fai 

Fit 

Age 


The Lions Lilac 671092 

AAA 

10 732 

6 91 

742 44 



Tnstram Basil Cleo 1465209 

A 

13 482 

5 32 

717 87 

2-3 


Sybil Tessie Loma 996685 

AAA 

15,357 

563 

865 07 

2-10 


Volunteer BeU Rosabe 1178965 

A 

14 177 

6 07 

861 16 

3-5 


The Lions Lilac 671092 

AAA 

13 844 

6 69 

926 55 

3-11 


DairybkeMaid Cleo II31609 

AAA 

15 303 

6 36 

972 69 

4-5 


Fon Sayda 704373 

A 

13 020 

6 53 

850 56 

4-6 


Missionary Noble Alice 1199012 

AAA 

19 390 

5 35 

1,038 03 

S-5 

LiiJ 

tiilsiand B Fovj Poetess 991549 

A 

13 757 

6 02 

827 60 

12-3 


Rg ^ In 1928 rules were adopted for Herd Improvement 

j^^gistry This test may be conducted in conjunction with Register of 
All tests are under the superMsion of the State Supcnn- 
Official Testing The test covers 365 days, and the butterfat 
Without preliminar> milkings, or bimonthI> 24 hour offiaal test 
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periods with preliminary milking All registered cows in milk in the herd 
must be tested The latter feature is one which prevents selecting the good 
cows for test and lea\ mg out the poor ones A certificate is issued by the 
Club giving the number of cows tested, and the aierage milk and butter* 
fat production with the average fat percentage Indmdual lactation 
certificates may also be had Up to April 1948, this test had been elected 
for 5,433 herds with a total of 145,659 co\vs These averaged 375 9 pounds 
of fat, 7,036 pounds of milk, and a fat percentage of 534 

Awards In addition to a Register of hferit Certificate, cows that meet 
certain specifications are awarded medals or special certificates Only one 
of each medal can be awarded a breeder For subsequent animals that 
qualify, appropriate certificates are furnished 
A Medal of Merit is issued for each cow producing 740 or more pounds 
of fat in Class AAA, or 850 or more pounds of fat in Class AA Bulls having 
three or more Medal of Merit daughters out of different dams qualify as 
Medal of Merit bulls A Gold Medal is issued for cows producing bet^^een 
610 and 730 pounds of fat in Class AAA and beiiveen 700 and S49 pounds 
of fat in Class AA A bull having three Gold Medal daughters out of differ- 
ent dams qualifies as a Gold Medal bull 
Silver Medals are awarded to cows under five y ears of age producing 410 
pounds of fat in Class AAA and 500 pounds of fat m Class AA at tsso years 
of age, iviih increased requirements of 2 pounds of butterfat for each day 
older than two years A bull having three or more Silver Medal daughters 
qualifies as a Silver Medal bull 

Bulls are given a Superior Sire award when the following requirements 
arc met 

1 At least ten daughters have completed lactation periods of 270 days 
either in Register of Merit or Herd Improv ement Registry 

2 More than 50 per cent of all registered daughters four years old or 
over are tested 

3 The average butterfat production exceeds 600 pounds of fat on a 
mature basis 

4 At ieast ten daughters have been e}asscSed, and fhc average score fer 
all daughters classified is 82 or more 

Ton oj Gold Catificale Any cow producing 2,000 pounds of butterfat 
or more in four consecutive 365 day herd test periods is entitled to a 
certificate known as the Ton of Gold Certificate 

Gold Star Herd Atiard This award is a recognition for continuous 
mentonous production To qualify, herds in Herd Improvement Registry 
must average annually for four consecutive years not less than the fo^o\^' 
mg for herds of different sizes 
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Tested Sire Any bull having ten or more daughters having completed 
records in either Register of Merit or Herd Improvement Registry is 
known as a tested sire 

Constructive Breeder's Certificate This award is regarded as the highest 
recognition of the American Jersey Cattle Club To qualify for this award 
the following requirements must be met 

(1) The herd must be re entered on H I R and have completed an average of 
400 pounds fat if 10 cows, and 340 if 40 cows or more 

(2) A total of 50 per cent of animals in the herd that ever calved must have 
been bred by the owner, 65 per cent must have been bred or owned at 
least four >ears at the date of qualification 

(3) At least 60 per cent of all animals in the herd must have been officially 
classified widi a minimum average of 82 00 per cent at the date of qualifica- 
tion 

(4) The herd shall be federally T B Certified 

(5) The herd shall be Bang’s free or cerufied by the state vetennanan to be m 
process of Bang’s eradication 

(6) The breeder must show evidence of membership in his state or local club 

Star Bull Award This scheme is an attempt to evaluate bulls before 
they are proven by rating the performance of the ancestors One star will 
be awarded for each five credits provided that not over two-thirds of the 
credits can come from either the top or the bottom half of the pedigree 
A bull may obtain as many as seven stars but to qualify for four or more 
stars at least three credits must come from classification The following 
table shows how credits are obtained 

Table Listing Credits for Stars 
Sire 

Having 10 or more tested daughters averaging 
360 lbs fat merits 1 credit 
390 lbs fat merits 2 credits 
420 lbs fat ments 3 credits 
450 lbs fat merits 4 credits 
480 lbs fat ments 5 credits 
SlOlbs fat merits 6 credits 
540 lbs fat mcnis 7 credits 

Having 10 or more officially classified daughters averaging 

81 per cent ments2credits 

82 per cent merits 3 credits 
84 per cent merits 4 credits 

(Transmitted Credits) 

A 2 Star Bull may transmit 2 credits 
A 3 Star Bull may transmit 4 credits 
A 4 or more Star Bull may transmit 5 credits 
Paternal Grandure 

Having 10 or more tested daughters averaging 
420 lbs fat ments 1 credit 
450 lbs fat ments 2 credits 
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Having 10 or more ofticially classified daughters averaging 

81 per cent merits I credit 

82 per cent men ts 2 crcdi ts 

PattnuJ Crandam 

Having 3 or more tested progeny aseragmg 
420 lbs fat merits 1 credit 
450 lbs fat merits 2 credits 
Dam 

Having a 2 X 305 production record of 
350 lbs fat roenis 2 credits 
450 lbs fatments3credits 
SlOlbs fatmcnts4credits 
“Ton of Gold ’or Owner’s 
Notice of Its equivalent, 
merits 5 credits (m place of 
individual lactation record) 

Having an official classificauon of 

“Good Plus” m«its2credits 
' VeryGood’’incnts3credit3 
‘ Excellent’’ menu 4 credits 

Having 3 or more tested progeny averaging on the 2 x 305 M E ha*'* 
360 lbs fatmenul credit 
3501bs f3tments2cTed]ts 
420 lbs fat menu 3 credits 
450 lbs fatmenu4credtu 
4801bs fatmenuScrediu 
5l0lbs fatmenu6crediu 
Maternal Crandstte 

Having 10 or more tested daughters averaging 
420 lbs fat menu 1 credit 
450 lbs fatnients2credits 

Having 10 or more officially classified daughters averaging 

81 per cent menu 1 credit 

82 per cent menu 2 credits 

Maternal Crandatn 

Havmg 3 or more tested progeny averagmg 
4201bs fatmenul credit 
450 lbs fatmenu2crediU 

Herd classification With the objective of improving the of the 
Jersey, the Amcncan Jersey Cattle Club in 1932 adopted a plan for 
classifying animals in a herd on the basu of type The classification is made 
by judges approved by the Amencan Jersey Cattle Club Animab are to 
be classified mto six groups according to conformation on the basis of 
score as follows excellent, if scored 90 or more points according to the 
official Scale of Points, very good, if scored 85 to 90, good plus, if scored 
80 to 85, good, if scored 75 to 80, fair, if scored 70 to 75, and poor, d 
scored under 70 
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Certificates giving the classification of each animal are furnished the 
owners In malmg application for Herd Classification the applicant must 
agree to surrender for cancellation the certificates of all animals classifying 
“Poor,” and the registration of future progeny of such an individual is 
prohibited He must further agree not to register any male calves from 
cows rating “fair “ 

Up to April 1948, 91,848 Jerseys had been classified with the followng 
distribution in each of the classes 


Class 

j\ umber 

Excellent 

2,431 

Vcr> Good 

25,364 

Good Plus 

42,981 

Good 

18,418 

Fair 

2,594 

Poor 

60 

Total 

91,848 


Up to April 1944, 14,147 had been classified that also had records of 
production The average butterfat production calculated to a 305 mature 
cqunalent base is gi\en for each class as well as the numbers as follows 



It is of special interest to note the significant decrease in a\crage fat 
production with each drop in chssificaiion grade except for the “Poor” 
tn ishich the number is too small to be significant 
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Having 10 or more oRiaally classified daughters averaging 

81 per cent merits 1 credit 

82 per cent ments 2 credits 

PaUrnal Grandam 

Having 3 or more tested progeny averaging 
420 lbs fatmentsl credit 
450 lbs fat ments 2 credits 
Dam 

Having a 2 X 305 M E producuon record of 
390 lbs fat ments 2 credits 
450 lbs fat ments 3 credits 
SlOIbs fatments4credits 
“Ton of Gold” or Owner’s 
Notice of Its equivalent, 
merits 5 credits (in place of 
individual lactation record) 

Having an official classification of 

“Good Plus” ments 2 credits 
“Very Good” ments 3 credits 
“Excellent” ments 4 credits 

Having 3 or more tested progeny averaging on the 2 x 305 M-E basis 
360 lbs fat merits 1 credit 
390 lbs fat ments 2 credits 
420 lbs fat ments 3 credits 
450Ibs fatments4credits 
480 lbs fat ments 5 crediu 
SlOIbs fat ments 6 credits 
Maternal Crandstre 

Having lO or more tested daughters averaging 
420 lbs fatmentsl credit 
450Ibs fatments Zeredits 

Having 10 or more officially classified daughters averaging 

81 per cent ments 1 credit 

82 per cent ments 2 credits 

Maternal Grandam 

Havmg 3 or more tested progeny awraging 
420 lbs fatmentsl credit 
450 lbs fat ments 2 credits 

Herd classification With the objective of improving the type of the 
Jersey, the American Jersey Cattle Club in 1932 adopted a plan for 
classifying animals in a herd on the basis of type The classification is made 
by judges approved by the American Jersey Cattle Club Animals are to 
be classified into six groups according to conformation on the basis of 
score as follows excellent, if scored 90 or more points according to the 
official Scale of Points, very good, if scored 85 to 90, good plus, if scored 
80 to 85, good, if scored 75 to 80, fair, if scored 70 to 75, and poor, if 
scored under 70 
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Certificates giving the classification of each animal are furnished the 
owners In making application for Herd Classification the applicant must 
agree to surrender for cancellation the certificates of all animals classifying 
“Poor,” and the registration of future progeny of such an individual is 
prohibited He must further agree not to register any male calves from 
cows rating “fair ” 

Up to April 1948, 91,848 Jerseys had been classified with the following 
distnbution in each of the classes 


Class 

^iurnber 

Excellent 

2,431 

Very Good 

25,364 

Good Plus 

42,981 

Good 

18,418 

Fair 

2,594 

Poor 

60 

Total 

91,848 


Up to Apnl 1944, 14,147 had been classified that also had records of 
production The average butlerfat production calculated to a 305 mature 
equivalent base is given for each class as well as the numbers as follows 


CUsi 

Sunber 

Avenge Ft! 

Excellent 

801 

Pounds 

483 

Very Good 

4,213 

460 


6060 

448 


2,700 

434 


369 

420 

Poor 

4 

425 


It IS of special interest to note the significant decrease in average fat 
production with each drop m classification grade except for the “Poor” 
m which the number is too small to be significant 
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THE GUERNSEY 


Characteristics Guernsey cmvs vary in weight from 800 to 1,400 
pounds, with 1,100 pounds as the preferred weight Bulls vary from 1,200 
to 2,200 pounds, with 1,700 pounds as the preferred weight The Guernsey 
cow, being a near relative of the Jersey, resembles her in many respects 
The Guernsey, however, in addition to being larger than the Jersey, is 
somewhat coarser and does not possess quite the straight lines and sym- 
metry The udders of Guernseys arc good but a little less symmetrical 
than those of the Jersey The head is double dished but to a less degree 
than on the Jersey Some of the more senous cirticisms of the Guernsey 
are its weakness over the loin, roughness over the rump, and lack of sym- 
metry of the udder (Figs 27 and 28 ) 

Color The Guernsey vanes m color from an almost red to a very light 
fawn, with vanous sizes of white markings always present The white 
markings are usually found on the face, legs, flank, and switch, the rest 
of the body is predominantly colored The white spotting, however, may 
be found on any part of the body The preferred color of the nose is a 
cream or buff color A black or smoky color of the nose is frequently found 
due to a factor for skin pigment that is present in the breed extensively 
The skin of the Guernsey is generally highly pigmented with the yellow 
carotene This is noticed particularly inside the ears, on the udder, and at 
the end of the tail 

JVrrvous reacltons The Guernsey has excellent nervous development 
She is alive and alert, yet not so easily excited as the Jersey 

Grazing The Guernsey is not so good a grazer as the Jersey, particularly 
on poorer pastures This, no doubt, is due to the larger size of the Guernsey 
and the correspondingly greater feed requirements 

Maturity and reproduction On the average the Guernsey matures about 
two months later than the Jersey Heifers come into milk when 26 to 28 
months of age In longevity the Guernsey ranks average, although indi- 
viduals have reached as high as 20 years of age As reproducers they also 
rank average The calves average about 75 pounds at birth, or approxi- 
mately 7 per cent of the dam’s weight The calves are, as a rule, not strong 
when born, and are usually regarded as somewhat difficult to raise 
Meat and veal For either beef or veal, the Guernsey ranks low The 
body fat is extremely yellow m color, this is highly objectionable for beef 
and veal The Guernsey also lacks the desired scale and thickness of 
fleshing that is essential for good beef 

Milk One of the outstanding characteristics of Guernsey milk is its 
high yellow color The Guernsey possesses the ability to secrete a large 
proportion of the carotene pigment of the feed she consumes into the milk 
The American Guernsey Cattle Club has taken advantage of this character 
132 
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P'9* 28. A representative Guernsey bull. Green Meadow Coronation King 
109429. He Is the sire of 25 Advonced Registry daughters. Including Green 
Meadow Melba, the world's record two year old Guernsey cow. 


and has copyrighted the trademark “Golden Guernsey** for Guernsey 
milk. By advertising, the Association has created a sizable demand for this 
milk, and many Guernsey breeders have secured a fine market for their 
product at a premium price. 

With a fat content of 4.98 per cent, the Guernsey milk ranks next to 
hat of the Jersey. The average total solids are 14.49 per cent, sugar 4.98 
per cent, and protein 3.84 per cent. The fat, particularly when the cows 
grass, is so highly colored with the carotene pigment that it is 
objectionable for the butter market. The fat particles, like those of the 
Jersey, are large and churn easily when the milk is in transit. With the 
at constituting 33.3 per cent of the total solids, the milk is not adapted 
*^5 eheese making or condensed milk. Because of this, however, they rank 
the Jerseys as producers of low cost butterfat. 

. ”Ome and origin. Being descendants of Bos longifrons^ the Guernsey 
's of the same original stock as the Jersey. Foundation stocks arc supposed 
^ have been brought over to the Island of Guernsey from Brittany and 
onnandy, although there is no proof that such is the case. Hill • sa>'s 
P has evidence that both Jerseys and Guernsey \\crc taken to the Island 
? Alderney and that cattle were brought from Alderney back to the 
J and of Jerse y and pos'sibly Guernsey. The home of the Guernsey is the 

Ilu-L, CiiA^. L. Gtietruty Dreed. Waterloo, Iowa. 
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Rg. 29. Green Meadow Melba and her coH. Green Meodow Melba holds 
the world's record for 2*yeor*old Guernseys with 15,347.9 pounds of fnlH^ 
and 963.9 pounds of butterfat. 

Island of Guernsey, a sister island to the Island of Jersey. It is 22 miles 
northwest of Jersey and 15 miles from the coast of France Its greatest 
length is nine miles and its greatest width is five miles It has an area of only 
24 square miles, or approximately 16,000 acres, 25 per cent of which is not 
tillable. The conditions on the Island of Guernsey are practically the 
same as those on the Island of Jersey except that the climate is slightly 
colder, since the slope b toward the north The population is about 50,000, 
or more than 2,000 per square mile. The chief crops arc flow ers and garden 
truck, much of which is gro>vn under glass. 

There are only about 8,000 cattle on the Island. They are found mostly 
in small herds of from two to sc\ en cows The cows are tethered as they are 
on the Island of Jersey; and, ako as on Jerse>, they are fed largely upon 
roughage. ^Vhile gardening is the chief occupation of the inhabitants of 
the Island, the cattle have been highly valued for a long time In 1824 
laws were passed forbidding the importation of cattle except for immedi- 
ate slaughter In 1830 a “Scale of Points” was adopted, and from that 
time on great improvement in uniformity of the breed has been noted. 
In 1879 the first Herd Book, to which all cattle on the Island were eligible 
for regbtry, was established In 1911 the Royal Guernsey Agricultural 
and Horticultural Society set up an Advanced Registry system patterned 
after the system of the American Guernsey Cattle Club. In 1881 the first 
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local show on the Island was held From that time to 1912, foundation 
co-svs admitted to the Herd Book earned the connotation C (Com- 
mended), H C (Highly Commended), or V H C (Very Highly Com- 
mended) After 1912 all cows were admitted and marked “Qualified at a 
local show *’ 

According to Hill * many Aldemcy-bred cattle were brought to Guern- 
sey and entered m the Herd Book there This author also states that many 
cattle brought to America and England from Guernsey came onginally 
from Alderney No^v all Alderney catde are eligible to registry m the 
‘Herd Book of the Bailiwick of Guernsey ” The cattle from Sark and Hem 
are also registered in the Guernsey Herd Book No bull on the Island can 
be stood for service until he is 15 months old and has been taken to a local 
show with his dam and approved by the Herd Book committee 

Importation and distribution. Just when the first Guemsejs were 
brought to America is not known In 1818 cattle called Aldemcys were 
brought to Pennsylvania At that time, however, no distinction was made 
between Guernseys and Jerseys, therefore it is not known whether these 
'vere Guernseys According to Hill, the first importations that were kept 
pure were made by a Mr PnceofMassachusettsinl830orl831 Descend- 
ants from these have been registered by the Amencan Guernsey Cattle 
Club Another importation was made in 1840 by a Mr Biddle of Pennsyl- 
vania Heavy importations began dunng the ’80’s and still continue, since 
Guernsey Island is free of diseases against w hich the United States govern- 
nient has established quarantines To date there has been imported a total 
of approximately 113,000 head 

Since 1877 the importations by decades are as follows 


1877 to 1887 921 

1887 to 1897 318 

1897 to 1907 813 

1907 to 1917 6,250 

1917 to 1927 3,852 

1927 to 1937 639 


No importations were made from 1937 to 1948 

The Guernsey outside its Island home is found mainly in England and 
the United States In England they have been owned and developed 
^ainly by the nobility In the United States they are found mostly in the 
f-ast and m the North The leading states, listed according to the number 
of Guernsejs, are Wisconsin, PcnnsyKania, New York, Ohio, Michigan, 
and Minnesota 

The Guernsey has increased contmuously m populanty in this country 
Dunng the depression the Guernsey prices were maintained much better 
^han those of any other breed The demand comes from butter -producing 
and market-milk areas The demand that has been built up for the >eIlow 
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colored milk has been a large factor m Guernsey development around 
large population centers 

Families. The Guernsey has no definite families, although many out- 
standing foundation anim^ ha\c been credited with founding families 
With the exception of May Rose 2nd, who may be considered the founder 
of the May Rose family, none of the blood of the great foundation animals 
has been concentrated enough to be classified as a family 

Registration The records of Guernseys are kept by the American 
Guernsey Cattle Club, with offices at Peterborough, New Hampshire 
The Club ^vas organized in 1877 and therefore is younger than either the 
Holstein or the Jersey organizations At first the American Guernsey 
Cattle Club was concerned only with the registration and transferring of 
Guernsey Cattle and the publishing of the Herd Books In 1903 the As- 
sociation inaugurated supervision over Official Testing, following this 
they gradually developed educational and promotional work until today 
the work done for the promotion and development of a breed and its 
product by the Amencan Guernsey Cattle Club is unexcelled 
There are 3,560 active members and more than 38,000 breeders register- 
ing cattle with the American Guernsey Cattle Club m 1 948 Over 428,000 
males and 1,000,000 females have bwn registered since the beginning of 
the organization Dunng the depression years the decline in the numbers 
of Guernsey s registered w as less than for other breeds Since then the num- 
bers registered have increased each year 

Testing. While comparatively httfe testing was done by the carher 
breeders of Guernsey cattle, remarkable development has taken place m 
this work until there are more yearly official records on Guernseys than 
on any other breed The first private record of an Alderney cow was made 
in 1818 This was a seven day lest of 14 pounds of butter A second private 
record of 14 pounds and five ounces of butler in seven days was reported in 
1860 Follmving 1860 to 1898, a total of 160 private weekly butter tests 
was published by the Amencan Guernsey Cattle Club This is but a small 
number when compared with the tests reported for Jerseys and Holstcins, 
but the people m whose hands the Guernseys were at this time were not 
interested in production records 

In 1898 chum tests for yearly records were adopted In 1901 the Ad- 
vanced Register was adopted, accepting both sc\ en day and yearly records 
Both minimum fat and milk production requirements were specified as 
qualifications for entry in the Advanced Register A two year old must 
produce 250 5 pounds of fat and 6,000 pounds of milk to qualify Addi- 
tional production was required with age increments, the minimum re- 
quirements for a fi\c y car old were 360 pounds of fat and 10,000 pounds of 
milk Both the se\ cn day tests and the milk requirement for long-time tests 
were soon dropped, and al) efforts »»ere then concentrated on long-time 
testing 

The American Guernsey Cattle Club was the first breed association to 
adopt long-time tests only For many yean this association had a unique 
sy'Slcm for designating the age and class of record 
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The first seven letters of the alphabet \vcre used to designate the age at 
which the record was made A indicated the age of 5 years or over, B 
to 5 years, C, 4 to 4}^ years, D, 3}^ to 4 years, E, 3 to 3^4 years, F," ZV, 
to 3 years, and G, 2 to years 

Single letters designated a record made in 365 days %vithout any calvine 
requirement ® 

Double letters — ^AA, BB, etc — designated 365 day records in which the 
cow carried a calf for 200 days 

Tnple letters — ^AAA, BBB, etc — designated records of 305 days in 
length, that the cow earned calf for 175 days or more, and that she was 
milked not more than twice daily When milked three times daily four 
letters ivere used 

A fourth class of records is open to Guernsey breeders in the Herd 
Improvement Test This test is similar to the Herd Test of the Holstein 
and Jersey breeds 

Designation of kind of record Beginning January 1, 1947 the Amen- 
can Guernsey Cattle Club adopted a new method of designating the 
Advanced Registry Records The new system gives the year m which the 
record was started, age of the cow including whether a junior or senior, 
the division in which the record is entered, the total number of milkings, 
the nulk record, and the fat record If the age is preceded by Jr , the record 
was begun before the cow was six months over the year indicated and if 
preceded by Sr that she was six months or more over the indicated >ears 
In the Division whether the record 365 days or 305 days is indicated If 
the requirements are met this is followed by a C to indicate that a cow has 
carried a calf for at least 175 days m the 365*day division and 200 days m 
the 365-day division 

The rate with which testing has increased is illustrated by the folloivmg 
“gures giving the total number of these tests made by ten year periods 


Penod 

N umber of Records 

Average Butterfat 

1901-1917 

5,776 

443 9 

1917-1927 

17,747 

497 6 

1927-1937 

23,231 

519 6 

1937-1947 

65 601 

— 


, ^ total of 112,358 records were made up to 1948 It will also be noted 
nat there has been a consistent improvement of the production records 
rom an average of 443 9 pounds of fat in the period up to 1917 to 519 6 
^unds of fat for the 10 year period ending in 1937 The average pro- 
'^^tion for the last 10 year penod is not available 
The following table presents the number of records and the average 
milk, butterfat, and fat percentage for each of the four divisions as of 
1,1948 
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length o! 

(Days) 

. CimedCall 
(D»ys) 

1 

ililked 

1 Nomlierol 
Rcoofxls 

1 Ma 

Poosds 

i BottfTfat 

1 Pociids Pet Ceat 

365 

200 


29,302 

10716 

532 

49 

365 

— 

— 

57,860 

10 560 

522 

49 

303 

175 

2X 

26 135 

8 080 

396 

49 

303 

175 

3X 

1,754 

9,834 

475 

4.8 


The highest milk and butterfat producers for each of the four divisions 
are as follows 


365-day, no cal%Tng requirement. 

Milk record MumcCowan, 8yis *15 24,008 pounds milk and 1,098 pounds 
fat. 

Butterfat record Cathedral Rosalie, 5 yrs *37 23,714 pounds milk and 1,213 
pounds fat. 

365-day, carrying calf 200 da>'s 

Milk and butterfat record xs held by Flying Horse Ro^'al Rose 5 yrs *47 
22,558 pounds milk and 1,154 pounds fat 

305-day, canying calf 175 days, 3X milking 

MiR: record Guernsey Goodwill, 6 yn *47 19,634 pounds milk and 861 
pounds fat. 

Butterfat record Sister Sue of Green Acres, S yrs *48 16,077 pounds imlk 
and 900 pounds fat. 

305-day, canning calf 175 days, 2X nallung 

Milk and bunarfat record is held by Elm’s Barbara Rose, 6 yrs ’48 1 7,844 
pounds milk and 869 pounds fat. 


The hteume producuon record is held by Caumsett Ida with 194,280 9 
pounds milk and 8,513 S pounds fat 
Herd classification The Guernsey Breed sras the last of the major 
daily bre^ to adopt Herd Oassdication This endeavor ys as mauuutnted 
on hlureh 1, 1947, and up to July, 1948, 14,000 mdmduals had been 
dassified ^c di^ificatiun Judge is a full tune employ ee of the American 
Guernsey Cattle Club 
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THE AYRSHIRE 


Characteristics The Ayrshire is a little larger than the Guern- 
sey Cows should weigh between 1,100 and 1,400 pounds, and bulls 
bet\veen 1,700 and 2,300 pounds The Ayrshire is noted for its beauty of 
form No breed excels it m genera! st>le, straightness of top line, levelness 
of the rump, and symmetry of the udder Great emphasis has always been 
laid upon the shape of the udder, and as a result, the Ayrshire is unexcelled 
m this respect In recent years the phrase “Vessel Type Ayrshire” has been 
used to designate cows \vith this specially desired characteristic 
The Ayrshire is noted for its long, especially curved horns that added 
materially to the appearance of the animal The typical horns must possess 
the nght curves, usually attained through special trammg by use of 
^PPropnate apparatus In dairy conformation the Ayrshire vanes from 
individuals of extreme refinement to others that are quite beefy The 
^rage Ayrshire is more thickly fleshed than either the Jersey or the 
Guernsey (Figs 29 and 30 ) 

Color The typical Ayrshire is red wth white spotting The red vanes 
light red through brown to a color almost black which is usually 
to as mahogany The darker color usually predominates about 
1 ^ forequarters, fading into lighter shades toward the rear, 

mthough some animals may be of uniform dark color throughout The 
lack IS dominant in the male and the lighter red is dormnant m the 
cmale, this accounts for a much larger proportion of mahogany colored 
than females 

extent of white vanes greatly Some mdmduals are almost entirely 
"'mte, while others are almost entirely pigmented The predommatmg 
n IS preferred by most breeders 

^tspostiion The Ayrshire is more acti\e than any other breed The 
are quite nervous and are sometimes hard to manage On account of 
sir nervous disposition and well-developed horns, considerable damage 
^y be done to members of the herd from bom mjunes The bulls are 
^equently vicious These cattle arc unexcelled as grazers Their unusual 
^ mina and activity enables them to obtam adequate nutnents from 
pastures where some other breeds would starve 
Malurtijf and longevity The Ayrshire is somewhat slo^ver in matunng 
3n the Guernsey and earlier than the Holstein Under normal conditions 
>Tshire heifers are sufficiently developed to come into milk when 26 to 
months of age Maximum weight and production are attained at from 
to Seven years of age Claims are made, although adequate figures to 
^tain them are not av ailable, that the Ay-rshirc is the longest Iiv ed of any 
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Fig 30 Cowgrove Golden Sun, o noted show ring winner, represents ex 
cellent Ayrshire type 


of the breeds There are as many cows producing and repr uci 
or more years of age as arc found in any breed, if not more 

Reproduction, teal, and meal As a reproducer the Ayrs ire -pfous, 
The calves ^veigh from 70 to 80 pounds at birth and are strong, ^ 

and easy to raise Ayrshire calves make veal of high quality, u 
smaller birth weight they arc not so desirable for this mons the 

Holstein and Brown Siviss calves The Ayrshire ranlts hig 3 jjy 

dairy breeds for beef Dry cows, as well as steers and heifere, 

The fat of the Ayrshire does not possess the high yellow color o 
detracts from the beef value of the Jersey and the Guem^y A.»rshirc 
Milk Judging from the leading records of the bree , ® 

does not reach the high production of either butterfat or m ^jj^pcy, 
other breeds do A number of Ayrshircs lack J^jure, ot* 

although some are excellent in this respect The milk of t e 
an average, contains 4 0 per cent fat, 3 34 per cent protein, an 
cent total solids The milk is espiecially 'veil adapted for mar 
cheese making Because the fat particles are the smallest ou 
of any breed claims are made of the superiority of milk 

and invalid feeding Claims arc also made that the curd o 
IS softer than that of milk from other breeds 
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*9- 31. Alfalfa Farm Ann 2nd, an Ayrshire cow of excellent type. She was 
champion cow as well os winner of the milking contest of the Eostern 
totes Exposition In 1937, and also Grand Chompion at the 1937 Nationol 
Dairy Show. 

Home and origin. The Ayrshire is the youngest of the dairy breeds, 
he chief development of the breed took place following 1750, when the 
other dairy breeds were well established. The Avrshires were developed 
in the County of Ayr (Ayrshire), located in southwestern Scotland. There 
^ nothing definitely known about the stock from which the Ayrshire was 
eycloped, but it is generally supposed that cattle from Holland (Hol- 
®in), the Channel Islands (Guernseys and Jerseys), and Teeswater cattle 
)'ere used to produce the Ayrshire. The Ayrshire, therefore, has its origin 
*^^^h the longijrons and the pnmigfntiu types. 

Ihe climate of Ayr is not favorable to liwstock raising because it is 
W and damp a great part of the year. In the early development of the 
^ ^he forage was scant, as the soil of this part of Scotland is not fertile. 

, ne extreme hardiness and rustling ability of the animal undoubtedly 
s attributable to the character of the country in w hich she was developed, 
only those individuals with unusual ruggedness could have sur\’ived 
a reproduce their kind. Originally the Ayrshires went by the name of 
-P later they were known as the Cunningham breed; and not until 
3 were they generally known as Ayrshire. 

^Partation and distribution. The first importation of A>Tshircs was 
ade in 1822. None of these was kept pure. The first Scotch settlers of 
^aada brought cattle from Ayr w'ith them, but like the first importation 
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into the United States, they were not kept pure From 1830 to 1860 there 
were frequent importations of Ayrshires into the United States Com- 
mencing about 1860, Ayrshire importations declined in favor of importa 
tions of Holsteins and the Channel Island breeds Importations are still 
made from Scotland and Canada 

In the United States Ayrshires are most numerous in New York, the 
New England states, Pennsylvania, and Ohio The Ayrshire is the leadmg 
dairy breed in Scotland and is numerous in Finland, England, New 
Zealand, Australia, and eastern Canada 

From 1929 to 1947, 38,968 Ayrshires were imported from Canada Of 
these, only 31 3 per cent were registered m the herd books of the Ayrshire 
Breeders Association even though all importations ivere purcbreds Since 
purebrcds come in free while commercial cattle are subject to importation 
duty. It is obvious that most of these cattle were purchased for commercial 
dairy purposes In 1947, the total importations from Canada was 3,762 
head, of which 1,864 were registered 

Registration. All records are kept by the Amencan AjTshire Breeders 
Association, with offices in Brandon, Vermont This association was 
organized m 1875 The Amencan Ayrshire Breeders Association, lAe 
the other dairy breed organizations, not only keeps the Herd Book rec- 
ords, but also has supervision of the Advanced Registry and engages m 
promotional work for the breed To date, the Ayrshire Association has 
not employed field men for promotional work but has relied upon litera- 
ture for this purpose A total of 91,185 males and 361,521 females have 
been registered by the Association up to 1948 Dunng the depression years 
Ayrshire registration held up very well In 1 934, 1 7,436 males and females 
were registered, this was the highest number to be registered m one year 
up to that time 

The increase in annual registrations has been great In 1947, a total 
of 30,046 animals were registered by an estimated 10,000 breeders In 
1947, approximately 4,000 breeders were members of the Ayrshire Breed- 
ers \ssociation 

Special provisions arc made for the registration of polled Ayrshires, 
by which the symbol X precedes the registration number In 1947, 103 
polled Ayrshires brought the total up to 427 

Testing The Ayrshire Breeders Association adopted an Advanced 
Register s>'stcm in 1902 At that time and for many years thereafter the 
regulations permitted of four time daily milking and provnsions \n ere made 
for 305- and 365-day records wnth or without calvnng requirements Mini 
mum requirements in milk and butterfat were set up for each of the 
customary age groups for qualifications for entry in the Adsanced Regis 
ter With the adoption of the Herd Test plan in 1925, the emphasis was 
shifted from Advanced Registry until t^ay all testing of A>Tshircs is 
\irtually on the Aj-nhire Herd Test plan This breed was the first to 
adopt such a test plan 

Under the Herd Test, all cows in the herd must be entered on test 
Certificates are issued for the herd and each indiMdual covs regardless of 



THE AYRSHIRE 


143 


the production level. No record of production exceeds 305 days that must 
be consecutive but may include portions of two lactation periods. 

Meritorious certificates for individual co^vs. Meritorious Certifi- 
cates are issued for individuals that drop living calves within 14 months 
from their previous freshening and that on t\s'icc daily milking equivalent, 
produce not less than the following milk and butterfat in 305 consecutive 
days with average butterfat test of at least 3.9 per cent. The 305 days 
may be in one or in portions of two lactations. 


As* 

Mnk 

Fat 


Poundt 

Pounds 

stature 

10,000 

400 

Sr. 4 

9,400 

376 

Jr. 4. 

8,800 

352 

Sr. 3 

8,200 

' 328 

Jr. 3 

7,600 

304 

Sr. 2 

7,000 

280 

Jr. 2. , 

' 6.400 

236 


Bulls are admitted to the Advanced Registry when four daughters from 
four different dams have qualified for entry. Meritorious Herd Tests arc 
accepted on the same basis as the Advanced Register records in qualifying 
a bull for Advanced Registry. 

A total of <56,554 production records have been made that average 9,016 
pounds milk and 367.8 pounds butterfat with an average of 4.08 per cent 
butterfat. In 1947, 12,054 cows were on test which represents a larger 
proportion of Ayrshires on test than any other breed. 

Garclough May Mischief holds the American record for high milk pro- 
duction with 25,329 pounds of milk and 894.9 pounds of fat. The butterfat 
record is held by Lily of \Villowmoor wth 955.6 pounds of fat and 22,596 
pounds of milk. 

The highest producing Ayrshire in Scotland is Nether Craig Janet, who 
bas a record of 30,910 pounds of milk and 1,171.4 pounds of fat. 

Approved sire. This is a term applied to A>Tshire bulls that have ten 
or more tested daughtei^ out of tested dams that meet the following re- 
quirements: 

b The average of all tested daughters shall be not less than 9,000 pounds milk 
and 360 pounds fat with a test of not less than 3 9 per cent. 

2. The equal parent index of an Approved Site shall be not less than 8,500 
pounds milk and 340 pounds fat with a test of at least 3.9 per cent. 

3. At least 60 per cent of the tested daughters shall each ha\c 9,000 or more 
pounds milk or 360 pounds fat 

4* At least 50 per cent of all registered three year old daughters must be tested. 
AU such daughters in a herd that is on test must be included. 

Provisions arc made for approving bulls that have daughters in herds 
testing in which event 15 daughters will be used as a minimum. All 
*^rds are computed to mature equivalent twice daily milking basis of 




144 


DAIRV SCIENCE, SECOND EDITION 


not more than 305 days and the first lactation records shall be used except 
by breeder request when averages of all records of each tested daughter 
are used in the computation 

Herd Test, Advanced Registry, and Roll of Honor records shall be 
used Dairy Herd Improvement Association records may also be used 
provided the record books are sent in to the Ayrshire Breeders Association 
for checking and approval 

Approved dams To qualify as an Approved Dam an Ayrshire cow 
must have three or more daughters that are tested and all such meet the 
following requirements 

1 The average shall be not less than 9 000 pounds milk and 360 pounds fat 
with at least 3 9 per cent test or at least 10 000 pounds milk and 400 pounds 
fat if testing less than 3 9 per cent 

2 Not less than 60 per cent of all tested daughters must each produce not less 
than 8 500 pounds milk and 340 pounds fat 

The types of records used and the method of computation of these 
records are similar to those specified under Approved Sires Once either 
a cow or a bull has become Approved they will retain such designation 
even though subsequent tested progeny may reduce the requirements 
below that required (or qualification 

Type classification In 1942, Type Classification was adopted for 
cows and in 1947 the system was opened for bulls A total of 16,297 cows 
and 312 bulls had been classified to the end of 1947 The breakdown of 
the numbers and per cent for the various classes arc as follows 



NutnUt 

1 Per C«Di 

EzeelUat 

645 


Very Good 

4 5S8 

282 

Go(^ Plus 

6943 ; 

42 6 

Good 

3 546 


Fair 

557 1 

34 

Total 

16 297 

1000 


Selective registration of bulls In 1945, the Ayrshire Breeders As- 
sociation adopted a plan for selective registration of bull calves m which 
bulls are grouped into three classes (1) Standard, (2) Selected, and (3) 
Preferred pedigrees The objective of this program is to encourage maungs 
which have a better chance of improving production 

Standard pedigree Any bull wh^ parents are registered will be regis- 
tered upon proper application Such a registration is classed as Standard 
Selected pedigree A bull upon registration will be given a Selected 
pedigree when none of the six nearest ancestors (parents and grand- 
parents) show any evidence of low production and where at least satis 
factory production is evidenced for at least one parent or two grand- 
parents or satisfactory progeny performance for at least one parent or 
two grandparents At least 8,500 pounds mdk and 340 pounds butterfat 
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m 305 days on two times daily milking as a mature equivalent is required 
for a satisfactory rating Females m the pedi^ee will be rated satisfactory 
for the Selected pedigree \nth this or greater production Bulls must ha%e 
five or more daughters that average at least this amount of milk and 
butterfat All mdmduals in the first two generations must meet the mini- 
mum set forth above if tested 

Piejmed pedigree To qualify for the preferred pedigree ratmg one of 
four combinations of approved breeding must be met These four com- 
binations are, (!) Approved Sire and Approved Dam, (2) Approved Sire 
and Approved Maternal Grand Sire and the dam having produced at 
least 9,000 pounds milk and 360 pounds butterfat in 305 day's on twice 
daily milking and mature equivalent basis, (3) Approved Sire and the 
dam producing not less than 9,000 pounds milk and 360 pounds butterfat 
in 305 days on twice daily milkmg and mature equivalent basis, and (4) 
Approved Dam and sire w ith at least 5 daughters av eraging not less than 
9,000 pounds milk and 360 pounds butterfat m 305 days on twice daily 
milking and mature equivalent basis 



Chapter 15 


THE BROWN SWISS 


Characteristics The Bro\w Swtss is the largest and most rlgged 
of the dairy breeds Cot\-s under normal conditions \veigh 1,300 to 1,400 
pounds, and bulls iveigh 1,800 to 2,500 pounds Originally the BroTvD 
Swiss was regarded as a triple purpose cmv and is still used as such, m 
her name home, in addition to producing milk, she is used as a beast 
of burden and is the source of practically all meat used In America the 
Broivn Swiss is strictly a dairy breed TTie head is large and somewhat 
dished The bones arc heavy and the skin is thick and loose, usually 
forming heavy folds about the throat and brisket On an average the 
Brown Swtss is rougher than the other dairy breeds However, no breed 
has made as rapid improvement as the Browm Sivtss Animals shown at 
the leading shmv'S are as good a type as any other breed The udders are 
usually well formed and well attached (Figs 32 and 33 ) 

Color The color vanes from a light fawn to an almost black, with a 
mouse color predommatmg The muzzle is encircled by a mealy shaded 
band and the lips are light m color Along the backbone is a stnpe of 
lighter color which gradually blends with the darker colors of the side 
The nose, tongue, switch, and horn tips arc always black ^^^ute is absent 
except on the inguinal region and on the udder The calves are light m 
color when bom and become darker as they grow older 

Dispostlion The Brown Swiss arc docile and not easily excited They 
arc easy to manage in the everyday routine about the dairy Frequentlv, 
however, Brown Swiss arc stubborn and refuse to respond when attempts 
arc made to alter the regular routine, such as changing them to another 
stall or training them for showing ^Vhcn once they learn that such things 
arc expected of them, they comply and become co-operative 

\Vhilc the Brown Swiss arc phlegmatic, they are excellent rustlers In 
spite of their large size and consequently great nutrient requirements they 
do well on ordinary pasture Their general ruggedness enables them to 
withstand adverse conditions, such as rough treatment and cold, better 
than members of other dairy breeds 

Maturitj and longenlj The Brown Swiss is the slowest of the dairy 
breeds to mature Normally, heifers arc not sufficiently developed to come 
into milk until they are 30 to 36 months of age Cows arc not considered 
mature for official test purposes until thev are six years of age, while for all 
other breeds cows are considered mature for this purpose when they are five 
years of age 

To compensate for the lateness in matunng, the Brown Swiss live and 
produce and reproduce longer than individuals of other breeds Brown 
Swiss auihonties claim a higher proportion of old cows for ihctr breed 
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^•9 32 An excellent Brown Sw»s$ cow, Jane of Vernon 29496, Grand 
Champion at the 1936 National Ooiry Show She is the highest producing 
four year old of the breed, with 23,569 pounds of milk and 1,075 6 pounds 
of fat 


than IS found in other dair> breeds A 13 >car old Brown Swiss cow has 
produced o\er 1,000 pounds of butterfat in 365 dap 
fieproduction The B^o^^'n Swiss rank high as reproducers Relatively 
htde stenhty is reported for the breed The calves are large, strong, and 
^gged when born and are eas> to raise The a\erage birth weight of the 
calves ranges from 90 to 95 pounds It is not uncommon for Brown Swiss 
calves to weigh as much as 120 pounds at birth 
Meat and veal Because of the large birth weight and white fat, Brown 
Swiss calves rank among the best for \eal production Among the dairy 
breeds the Brown Swiss cattle also rank high for beef production WTien 
are not milking, the> fatten readil> to produce beef of fair quality 
Milk The milk from the Brown Swiss is adapted to a vanet> of uses 
It contains, on the average, 4 per cent fat, this makes it particular!) well 
adapted for market milk, cheese production, and condensed milk, as well 
for butter makmg The milk is described as white The fat particles 
and low in jellow coloring matter 

Home and origin The Brown Swiss is probably the oldest of dairy 
cattle breeds The) are descendants of and were developed 

the mountain t'^mior) in the northeastern part of Switzerland in the 
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Fig. 33. An excellent Brown SwU$ bull, Morch Molly Srd’s Master 1435 D. 

Cantons of Zurich, St. Galen, Lucerne, and Schw-^-z From the literature 
it is apparent that the cattle of Switzerl^d at the time of Caesar anstsered 
the description of the present BroNsm Swbs The bones found in the ruins 
of the Swiss Lake dwellers date back to probably 4000 b c. and resemble 
closely the skeleton of the modem Brown Swiss 

Conditions in Switzerland. The home of the Brown Swiss is the most 
rugged country in which agriculture is practiced. The cattle are usually 
pastured on the mountain slopes, beginning at the foot in the spring and 
going up the mountainside as the snow recedes In the fall they arc 
brought down the mountainside and housed in bams located in the 
vallcj'S Their feed during the spnng and summer months is limited 
entirely to the grasses on the mountain slopes. In the winter time, they 
arc fed mainly on meadow ha> grmm in the \’alle>3. Occasionally roots 
and oil cake arc added to the winter’s ration. 

Today, as for many centuries past, the Swiss are famous for their cheese 
production, these cheeses arc made from the milk produced b> the cattle 
pastured on the mountain slopes Since onl^ hardy animals, able to with- 
stand frequent exposure to storms and to endure the ruggedness of the 
country in which thc^ ha\c been de\cloped, could ha\e survived to 
reproduce, it is easy to understand that the Brown Swiss ha\ c the strongest 
constitution of an> of the dairy breeds 

Importation and distribution. A total of 25 bulls and 160 females has 
been imported into the United States. The first importation was made in 
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1869 b> H M Clark of Massachusetts, and the most recent importation 
was made in 1931 \\hen four bulls and one heifer i\ere imported From 
1916tol931 no importations were made because of the difficult) of getting 
animals out of Switzerland wthout going through territory infected wth 
foot and mouth disease 

From the 185 imported animals over 100,000 Brown Swiss have been 
recorded Brown Swiss are found in all the states, but the) are most 
numerous in Wisconsin, Illinois, New York, and Michigan The breed 
has never experienced a boom, but it has enjO)ed a stead) growth in 
which the demand for cattle has exceeded the suppiy As a result, the 
prices paid for Brown Swnss declined but little during the depression 
)ears The Brown Swiss has also expenenced a greater percentage in- 
crease in registered stock than any other breed 
Record keeping. All records pertaining to the breed are kept by the 
Brown Swiss Breeders Association, with headquarters at Beloit, 'Wisconsin 
The organization was formed in 1880, but it did not publish the first Herd 
Book until 1908 It is the youngest of the major dairy breed associations 
The Brown Swiss Association sponsors the monthly publication, The 
Broxin Swiss Bulletin, for the breed It has also published promotional 
literature and assisted with pnze money at fairs In 1948 there were about 
2)400 members of the Association and about 10,000 active breeders of 
Brown Swiss cattle A total of 185,415 females and 89,880 males had been 
*'egistered to July, 1948 In 1947 alone, 22,469 animals were registered 
Advanced Registry. In 1911 the Brown Swiss Breeders Association 
adopted a system of Advanced Registry known as the Register of Pro- 
duction In 1932 a Herd Improvement Test, a test similar to the herd test 
plans of the other breed associations, was adopted 
Four classes of records are recognized by the Register of Production 
These are the yearly test, the ten months’ (305 days) test, the 365 day 
farmers’ class, and the 305 day farmers* class In order to qualify for entry 
m the Register of Production in the 365 day test, the individual must 
produce at least 250 5 pounds of fat w hen 30 months of age (the y oungest 
age provided for) and an additional 1 pound of fat for each dav older 
than 30 months up to five years and six months, when the requirement is 
360 pounds of fat To qualify for entry in the 10 months’ division, a mini- 
mum butterfat production is required v\bich is 30 pounds less than the 
rnquirements for the corresponding ages in the 365 di> test In addition, a 
hving calf must be dropped within 14 months from the date of the last 
calving 

The requirements for entry into the Farmers’ di\ ision, 365 and 305 day 
J“ts, arc the same respectively as those listed in the preceding paragraph 
the Farmers’ class, cows may not be milked more than twice daily 
for the first 15 days, when they may be milked three times daily 
the other Register of Production Classes the limitations as to the 
*^Umbcr of milkings daily is four 

to October 1947, there were a total of 1,815 Register of Production 
•^ords of all classes In recent years Herd Impro\emcnt Records have 
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been stressed resulting in a great increase in the numbers tested on this 
plan 

The following tables present the numbers tested in each age class with 
the average milk, fat and fat percentage for 2 X milkings 


Hejo) Improvement Records pRoDnciioN Averages 
305 Day 2 X Lactation Records 


Number CoKS 

Poundi XtiQi 1 

A\e PerCeot 

Pounds F&t 

Mature 

3,538 

10,331 S 

391 

404 47 

5 Year 

1,^7 

9,8783 

399 

394 31 

Sr 4 Year 603 1 

9,691 6 1 

400 

387 46 

Tr 4 Year 1,042 

9,314 2 

3 89 

362 56 

Sr 3 Year 1,105 

9.022 2 

4 01 

36169 

Tr 3 Year 901 

86300 

380 

327 85 

Sr 2 Year 1.079 

7,867 8 

4 06 1 

319J3 

Jr 2 Year 1,291 

7,S260 

406 

305 91 

12 Years and Uver 
263 

9.446A 

3 87 

365 43 


Herd Improvement Recoriis Proddction Averages 
303-Day 3 X Lactation Records 


Somber Cow* 

Pounds MQk 

Av«rs{e 

Per Cent 

Pounds Fat 

Mature 




285 

13.\3^ 1 

400 

524 83 

5 Year 


102 

12,8081 

393 

503A2 

Sr 4 Year 69 

12,462 2 

4 01 


Jr 4 Year 71 

I!,&169 



Sr 3 Year 68 

tl,820 0 

4 01 

47436 

Tr 3 Year 63 

H,037 7 



Sr 2 Year 71 

9,574 1 

4 15 


Jr, 2 Year 71 

9,086 0 

3 95 

35930 

12 Yeats and Ox ei 

11 

11,778 2 

3 82 

449 51 


A total of 18 cows have completed yearly records above 1,000 pounds 
butterfat, the ten high of which follmvs: 


Brown Swtss Cotts Ha\ing Prodccep 1,000 Pounds Buttertat 


SsflicofCow 

Age 

Pounds Milk 

Pounds Fat 

IlJjni Nellie 26578 

Mary’s Nell 36395 

Swiss Valley Girl 10th 7887 

Jane of Vernon 29496 
lllim Nellie 26578 

June’s Allege Girl 11427 

Royal's Dominic of Lee’s HiU 66S40 

Roj'al’s Dominie of Lee’s Hill 66510 

June’s College Girl 11427 

Jane of Vernon 29496 

8- 4-2 

6- 11-17 
12-4-15 

4- 7-18 

9- 10-5 

5- 11-25 

7- 7-4 

9- 2-7 

10- 7-12 
10-11-12 

' 29,5693 
29,487 2 
27,513 6 
23369 0 
27,897 6 
24,571 6 
24,978 4 

25 4373 
24,167 4 
21,880 2 

1,200 41 
1,109 71 
1,10633 
1,07538 
1,062 80 
1,06230 
1,05634 
1,047 93 

1 013 02 
1,039 OS 
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A total of 63 COW’S have produced more than 4,000 pounds of fat in a 
lifetime up to 1948 Twenty of this group were added dunng the fiscal 
>ear ending September 30, 1947 The highest lifetime record is held b> 
Sw’iss Betty I, 19935, with 171,336 4 pounds milk and 7,464 59 pounds 
butterfat in 4,140 days 

Type classification. In 1942 the Browm Swiss Cattle Breeders As- 
sociation, adopted a type classification program Since that time up to the 
end of the fiscal year 1946-1947, a total of 8, 674 cows were classified Bulls 
are not classified, and cows that have received ratings of Excellent and 
^^ery Good are reclassified on reclassification of the herd In rating Broivn 
SiMss cows, the classifyingjudge must ascribe a classification value to each 
of the following general appearance, with subratmgs for legs and feet, 
rump, dairy character, and body capacity, and mammary system, with 
subratings for fore udder and rear udder 
The percentage distribution of the 8,674 cows classified for each of the 
Six classes is gi\en in the following table 



CUssi£cition 

iUtitir 

Gencr*] Aw>e*«»rt 

M*mnj»ry 

'Jyjtfm 


la 

IS 

17 

Very Good 

22 9 

24 5 

IS 5 


47 9 

38 S 

461 


254 

234 

291 

Fair 

27 

17 

1 4 5 

Poor 

0 

0 

6 


The Brown Swiss Cattle Breeders Association have adopted the standard 
score card 
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ClIARACTERISTTCS ThE MiLKINC ShORTHORN RANKS WITH THE HOL- 

stein and the Brown Swiss in size Normal mature cows weigh from 1,400 
to 1,600 pounds, with individuals weighing over a ton Bulls weigh 2,200 
pounds and upward Either polled or homed Shorthorns may be Milking 
Shorthorns Up to 1935 no distinction was made in registration between 
milking and beef types Beginning in 1935, the breeder who wishes to have 
his cattle recognized as Milking Shorthorns declares them to be of the 
milking type, and the registry cerliBcate issued bears the words “milk- 
ing shorthorn” on the face 

The Milking Shorthorn may be white, red and white, red, or roan in 
color The red varies from a moderately light shade to a fairly dark shade 
When individuals are red and white, the red usually predominates, and 
the legs are red 

T^pe There is no sharp line of demarcation between the beef Short- 
horn and the dairy Shorthorn Much variation is found in the type of the 
Milking Shorthorn, from extreme beef to extreme dairy types Many of 
the highest producing Shorthorns resemble the Holstein except for color 
The standards for the breed, hoxvcver, call for a true dual purpose indi- 
vidual (Figs 33 and 34 ) 

DaiTj/ eharacteTisttes For reasons just mentioned, the Milking Shorthorn 
is the most variable of the breeds for milk and butterfat production Many 
breeders have developed herds with extreme dairy conformation and high 
production Others change the designation from dairy to beef and vice 
versa pcnodically, depending upon market conditions, these breeders 
frequently alternate in using bulls of the milking and beef pcs While the 
Milking Shorthorn people aim to breed cows that are intermediate be- 
tween beef and dairy types, they point with pnde to the fact that an 
Australian Shorthorn cow, Melba tSth of Darbalara, for man^ years held 
the world’s record over all breeds for butterfat production, with 1,614 1 
pounds The av ow cd aim of the breeders of Milking Shorthorns is to breed 
cows that will produce 8,000 to 10,000 pounds of milk testing 4 per cent 
fat annually when the cows arc mature Under average farm conditions 
6,000 pounds of milk and 240 pounds of fat would be considered good 

The milk resembles that of the A>rshirc The fat content averages 4 
per cent, the fat particles arc small, and the color is rather low The milk 
is particularly adapted for market milk, condensed milk, and cheese 
pr^uction 

Because there is a great variation in the mhcntancc of beef and dairy 
tendencies the breeders of Milking Shorthorns have a difficult problem in 
maintaining the dual purpose type The tendencies are for individuals to 
IS2 
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B'uinnon Brotfaen 

^•9* 34, Brookstde Satin llth. Grand Champion Milking Shorthorn female 
of 1934, has a record of 11,193,0 pounds of milk ond 408.7 pounds of fot, 

revert either to strictly beef or to extreme dairy t>-pes. Milking Shorthorns 
are not so persistent as the more highly specialized dair>’ breeds. 

^eej chaTacterisUcs. The Milking Shorthorn cow's excel all other milking 
breeds for beef. They usually lose flesh tvhen in full milk, but they fatten 
rapidly when dr)’. The steers grow rapidly and make beef of the highest 
<luality. 

Cakes and repjoducUon. The weight of the calves at birth normally varies 
u ^5 to 80 pounds. This is about 6 per cent of the mature W’eight, or 
the smallest value for any breed. Because the birth w’eight of the Shorthorn 
^ives is small, they are not so well adapted for veal production as the 
Holstein or the Bro^vn SnWss calves. The Shorthorn ranks only average as 
reproducers. The calves, however, arc vigorous and quite easily raised. 
In maturity they rank with the Holsteins. Heifers of normal growth and 
oevelopment come into milk at 28 to 30 months of age. 

Adaptation. The Shorthorn is particularly well adapted to large farms 
"here both milk and beef production is desired. On such farms a number 
the superior milk producers may be selected for milking and the rest 
nsed for strictly beef production. By careful selection and use of the proper 
a high producing herd may be established under such conditions. 
development. As for some of the other breeds, the origin of the 
^northern is obscure. Its native home is in northeastern England in the 
bounties of Durham, Northumberland, and York. In the past they were 
known as Durhams. It is generally believed that the early invaders of 
*^J^gland, particularly the Romans and the Normans, brought cattle from 
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tsers ram 

Fig. 35. An excellent type Milking Shorthorn bull, Northwood Gift 13th. 

the ContiDcnt, and that these cattle had a large part in the development of 
the Shorthorn Later Flcmbh cattle were brought o\ cr from Holland and 
crossed ndth the natKe cattle, and possibly other cattle ^^erc also used. 

At the beginning of the eighteenth century the cattle from t\hich the 
Shorthorns have been developed t\ere mediocre and lacked \iiufonnit>’. It 
tvas through the efforts of great breeders that the superior breed of cattle 
now knen^m as the Shorthorn was developed. The accomplishments of the 
breeders who developed the Shorthorn breed arc clsissic; and as a result 
the names and work of Charles and Robert Colling, Amos Cruickshank, 
Thomas Booth and his sons John and Richard, and Thomas Bates bas'e 
become historic in the livestock field. Of these the work of Thomas Bates 
is of particular interest to those interested in dairying. 

Thomas Bates sc/cctcd and bred for high milk production, ^shiie the 
rest of the great breeders selected mainl) for superior beef qualities. Al- 
though not all the Milking Shorthorns trace back to the breeding of Bates, 
most of them do, and the principles he followed in establishing a high 
producing strain of Shorthorns arc still sound and practiced by the best 
breeders Bates began his breeding operations about 1790, or about ten 
^cars after the beginning of Shorthorn improvement, which w’as started 
with the work of the Colling brothers 

Bates selected and bred Shorthorns for a combination of dairy and beef 
qualities Only those animals that met with his standard were sdcctcd for 
breeding purposes, and inbreeding was exicnsncly practiced. He de- 
veloped about six families, of wWch the Duchess family was the most 
noted As a result of the intcnsiv’c inbreeding, considerable loss in fertility’ 
was experienced. After the death of Bates in 1849, the herd was dispersed. 
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and no great breeder carried on the program developed by him His 
r^ults, however, were so outstanding and the influence so great that most 
of the Milking Shorthorns of today trace back to his cattle 
Importation and distribution. The first Shorthorns were brought to 
Ameri^ca in 1783 by Gough and Miller of Virginia The first pedigreed 
ohorthoms were imported in 1817 by S M Hopkins of New York Since 
that time thousands of Shorthorns have been imported Until recently no 
distinction was made between dairy and beef types, and therefore there is 
no way of knowing what proportion of the importations were Milking 
ohorthorns ® 

In England the Milking Shorthorn is a major dairy breed In the 
United States the majority of Shorthorns are of the beef type Not until 
1935 was any attempt made to ascertain the relative numbers of dairy and 
«ef Shorthorns Since then about 30 per cent of all Shorthorns registered 
have been designated Milking Shorthorn A total of 25,072 such animals 
''ere registered from April 1, 1935, to August 20, 1937 Milking Short- 
horns are most numerous in Minnesota, Iowa, Illinois, Wisconsin, Kansas, 
and Michigan ’ 

organization. The records of the Milking Shorthorns up to 
1948 were kept by the American Shorthorn Breeders’ Association, with 
headquarters at Chicago The Milking Shorthorns were registered m the 
same herd book as the beef tvpes The Milking Shorthorn breeders are 
represented upon the board of directors of the American Shorthorn 
breeders’ Association m proportion to the number of milking type cattle 
I'cgistered In 1948, the Milking Shorthorn people set up their own herd 
books and formed a society known as the American Milking Shorthorn 
^sociation, >vith offices in Chicago All animals registered as Milking 
bhorthoms m the American Shorthorn Herd Books and their offisprmg are 
eligible to be registered m the new Herd Book 
Advanced Registry. In 1912 an Advanced Registry system was 
adopted by the American Milking Shorthorn Club This is known as the 
Record of Merit, and m order to be eligible for admittance thereto, a cow 
®tist produce 5,250 pounds of milk and 210 pounds of fat in 365 days at the 
age of 30 months The requirement increases until the cow is five years of 
age, when she must produce 8,000 pounds of milk and 300 pounds of fat 
If a living calf is produced ^vlthln 14 months from the previous calving, 
entrance to the Record of Merit may be attained from a production of 90 
P®*" eent of the 365 day requirements in 305 days This is also knoivn as 
the double letter record 

Four classes of records are accepted, each of which is designated by a 
etter Class A records are supervised by the State Agncultural College 
and are also known as official tests Class B are superv ised by the tester of 
a cow testing association and are known as semiofficial tests Class C are 
P^vately kept records All three of these classes of records require that 
milk weights be kept by the owner and forwarded monthly to the 
association A fourth class, CT, also known as the Dairy Herd Improve- 
”^®nt Association Records, docs not require daily milk records, but a 



DAIRY SOESCE, SECOND EOrnON 


156 

monthl) report of the testers’ findings is necessars (See the following 
table ) 


Ten Highest iltLONG Shorthorn Tat Records 


= — 

PoqfidsotStnk 

PcBiodscf E»t 


Ruth B 568209 

21,611 0 

95670 

B 

Mcrantam Pnneess 163i668 

21,0232 

8S351 


■Wbte Molly 1415398 

18,346-1 

80658 

A 

LadyUiy 1S06672 

17,7230 

80048 


Bom-ve Rose ileade lZSi449 

X4299 

783-55 

A 

Trmc 3d 1329412 

161195 

77051 


Allington Rirklcvmgtoa 1S42774 

20,5431 

7Sk78 

A 

Trme 3d 1329412 

16,543 6 

74593 


Queenston Belle 764413 

Ja,203 4 

744-90 


Glenside Pearl Clay 921066 

18 0056 

71961 



Up to June 1947 a total of 17,205 cows haic both milk and fat records 
aseragvng 324 7 pounds of fat, and 7,835 coivs hai c nulk records ai eragnig 
8,188 pounds of tniik- 

Grading up plan The Milking Shorthorn Society has adopted a 
plan making it possible by successiie use of purebred sires to develop 
animals that are eligible for registry This plan ts sinvlsr to plans adopted 
by most Bntish breed soacties The stages of improvement and registry 
are as follows 

Class A — ^Foundation cows that have freshened once or more, duly inspected 
and approved as being of suitable Viilking Shorthorn type and confor 
raatjon and raang Good Plus or better under regular deification re 
quircmcnts Such cows must also have completed a record of pro~ 
ducuon equal to the standard Record of Merit for the br eed acairding 
to the age of the animal 

Class B — Females onU, the progeny of Class A cons and sired by a Registered 
Milking Shorthorn Bull 

Class C — Females only, the progeny of Class B cem-s and sired by Registered 
Milking Shorthorn Bull 

Class D — Females only, the progeny of Class C cows and sired by Registered 
Milking Shonhom Bull 

Class E^Fcmales only, the progeny of Class D cows and sired b\ Registered 
Milking Shonhom Bull— are cbgible for registry in the official he^ book 
of the American Milking SbonhOTn Sooety and must be entered tbemn 
for future registry of progeny as purebreds Both males and females 
from Class E dams are eligible for regutry 

Scale ot Points for Milking Shorthorn Cows 
Head Femimne in character, finch cut, not too short, horns flat and well 
set on without coarseness at base Of polled, head tapenng from a line 
drawn across it, just above the eyes, to a rounded protuberance on top, as 
if an orange were under the skin at that point, cars held nomially), 
forebcad broad, eyes larse and of gentle eapression, nostrils wade and 
cxpansiv c, nose clean , throat cleariv defined 


10 


the milking shorthorn 

Neck Lean but not weak 4 

Withers NottooMide 4 

Shoulders Flat and sloping 4 

Chest Broad and deep, not running wide at the girth 4 

Barrel Hooped, m ell nbbcd up, and of good depth 1 q 

Back Broad over the loins, the top line being straight from withers to the 
tail 2 

Hips Wide apart but not too prominent 4 

Rump Long, broad, and le\ el, with tail 6ne and neatly set in 6 

Hindquarters Wide, the legs when viewed from behind being straight 
and without nearness w hen w alking 6 

Udder Well earned, thin skinned with pronounced milk veins, large m 
capacity (not fleshy or split up between the quarters), extending high up 
at the back, hanging almost perpendicularly, and runmng well forv\ard 
in line with the belly, teats of good and even size, squarely placed and 
'Vide apart, milk veins about the abdomen tortuous and highly devel- 
oped J5 

Escutcheon E\ en and w ell defined (there being an absence of coarse hair 
between its upward growth and the downwaid growth of the ordinary 
Wat), high and w ide honzontal markings in addition to vertical being of 
especial importance 2 

«in Mellow, flexible to the touch, fairly thin, carrying a good coat of 
hair Patchy and faded colors are to be avoided 8 

^esh Level, withanendreabsenceofunevennessorcushions 8 

«rriage and Action in Walking Gay and agile 5 

General Appearance Symmetncal, combining size and scope 5 

100 

Scale of Points for Milking Shorthorn Bulls 
Head Masculine in character, finely cut not loo short, horns flat and w ell 
set On Without coarseness at base (if polled, head lapcnng from a line 
drawn across it, just above the eyes to a rounded protuberance on top 
if an orange were under the skin at that point, cars held normally), 
forehead broad, eyes prominent and lively , nostnls wide and expansive, 
n^edean throat dearly defined 10 

t arched, muscular, not heavy 4 

„**bers Strong but not too VMdc 4 

oulders Flat and sloping, indicating style and liberty 4 

«t Broad and deep, not runningwidcal ihcgirth 4 

*rrel Hooped, wellribbedup,andofgoodlength 10 

*** Broad over theloms the top line being straight from withers to the 

10 

‘P* Widcapart but not too prominent 4 

“nyj Long, broad, and lev d, with tail neatly set in 6 

‘uuquarters ^\lde, the legs when viewed from behind being straight 
and w ithout nearness w hen w alking 6 

'‘uimentary TeaU Well developed, set lionzontally , wide apart and 

the scrotum 8 

Wtcheon Even md well defined, the honzontal marking high up, the 
^ore pronouncedly vertical the better 2 
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Skin Mellow, flexible to the touch, fairly thin carrying a good coat of 
hair Patchy and faded colors are to be avoided 8 

Flesh Level, withanentireabscnceofuncvennessorcushions 10 

Carnage and Action in ^V'alking Gay and vigorous ^ 

General Appearance Symmetneal, combining size and scope 5 

100 
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Characteristics The Red Polled are smaller than the Short- 
hom and larger than most of the dairy breeds The desired weight for 
mature coms is from 1,300 to 1,500 pounds Mature bulls should weigh 
from 1,800 to 2,000 pounds, and individuals sometimes weigh as much as 
2,500 pounds As is indicated by the name, they are hornless Any sign of 
horns or scurs disqualifies an animal for registry 
The color may be any shade of red, a cherry red being preferred Light 
or very dark shades are not uncommon, but they are not considered de- 
sirable by the breeders No white is tolerated except for the s^vltch of the 
the udder, and the inguinal region While dark or cloudy noses are 
found m the breed, they are considered objectionable The nose should be 
a clear flesh color 

The Red Polled is a true dual-purpose breed (Figs 36 and 37 ) 
The most desired type in the breed is intermediate between the angular 
dairy type and the blocky beef type These cattle are rounded over the 
'Withers, have somewhat outcurvmg thighs, and are generally fairly well 
coNered ^vlth flesh One of the real problems in breeding Red Polled cattle 
w to keep them midway between the dairy and beef types, as the tendency 
** ^go to either the extreme beef or the dairy type 
The Red Polled have rather straight lines, and on the average deviate 
from the true type no more than older established breeds The udders, 
hoMcver, frequently lack in symmetry, having a tendency to quarter and 
divide between the halves The teats arc sometimes irrcgiilar in shape and 
oot squarely placed upon the udder 

'^fmperament The Red Polled arc active yet easily handled, and are 
”ot easily excited or disturbed, these are points m favor of the breed for 
ordinary farm conditions They are generally considered excellent grazers 
^ialurity and reproduction Red Polled are average from the standpoint 
^ rnatunty Heifers of normal growth and development come into milk 
•^tween 27 to 30 months of age No reliable data are available as to how 
^ Tolled rank as reproducers ’I 

and veal production The Red Polled rank high among milkmg 
oatile for beef production The steers are usually blocky and dress out 
"'Sb Red Polled steers are recorded as having won first place in national 
jarcass contests When they are through milkmg, the cows fatten rapidly 
produce satisfactory beef The calves arc not so large at birth as are the 
^alvcs of the Holstein and Browm Swiss breeds, and therefore are not so 
°«irable for veal production, although they rank high m this respect 
The Red Polled rank lower than any of the strictly dairy breeds 
buiterfat production In milk production they exceed only the Jersey 
159 
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Fig. 36. Cedarview Faith 76022, a Red Polled cow of excellent type, has 
been grond champion at more than a score of state ond notional shows, 
Including the International Uyestodc Exposition. 

and Guemso)' breeds A good ascrage >carK milk production undef 
aseragc farm conditions is from 5,000 to 6,000 pounds of milk and from 
200 to 250 pounds of butterCat. 

*1110 milk aserages 4.3 per cent of fat; this makes it ideal for market 
milk, cheese production, or condensed milk. The milk is moderate m 
color, ranking with the Asrshirc in this respect. 

Origin and development. The Red Polled originated and des'eloped 
in Nod’olk and Suffolk counties in eastern England. The foundation stock 
from which lhc> were de\elopcd is unlnmvm Some claim that the breed 
has been dc^’cloped from cattle brought over b>' the Danes in the fifth 
centur\% vihilc others claim that they ha\c b e e n descloped mainly from 
thcGallovias breed. 

The modem Red Polled is the result of crossing the cattle of Norfolk 
and Suffolk Up until 1862 the cattle from these two counties went under 
separate names — Norfolk Polled and Suffolk Polled In 1862 lhc>' were 
recognized as one breed and called the Norfolk and Suffolk Polled cattlc- 
In 18S2 the name was shortened to the Red Polled. 

According to the histors of the Iweed, the cattle in Norfolk were de- 
velop'^ along diffcTcni lines than were those of Norfolk until the beginning 
of the nine’eenth centurj'. From the lieginning of the nineteenth century', 
b^ intercrossing, the cattle in the two counties became identical. The 
earliest records show that the Suffolk cattle were exceptional milkers, with 
the milk basing rather low fat content, and that they were polled. The>' 
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^'9- 37. A typical Red Polled bull, Redow Barron. 


are also reputed to have been of rather extreme dairy conformation 
The early Norfolk cattle, on the other hand, \sere more rugged and 
**>ore beefy in character. As late as 1800 the cattle in Norfolk were partly 
polled and partly homed They are also reputed to have produced higher 
testing milk than <he Suffolk cattle, although not so much. The crossing of 
cattle from the two counties resulted in the breed now known as the 
Polled, the main characteristics of which are intermediate bet\veen 
the dairy and beef breeds 

Importation and distribution. ^VhiIe cattle from both Norfolk and 
Suffolk \vere brought over to this country by the earliest settlers, none 
them were kept pure According to EcUes, the earl> importations of 
these cattle were responsible for the polled cattle in New England in the 
^rly da>s The first importation into this country that was kept pure was 
uiade in 1873 by G. F. Tabor of New York Several other importations 
''ere made up to 1890 from which the Red Polled in America have been 
developed. 

Excluding their native home, the Red Polled are confined to Australia, 
Zealand, and America. In the United States they are confined largely 
the Midwest and the Southwest. The states leading in the number of 
Polls are Minnesota, Illinois, Iowa, Michigan, Texas, Kansas, Indi- 
ana, Nebraska, North Dakota, and Ohio 
Registration. The records of the breed arc kept by the Red Polled 
'^ttle Club of America, which was organized in 1883. The association has 
permanent office, the headquarters changing with each cliange of 
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secretary Up to August, 1 937, a total 01141 ,298 head had been registered, 
of which 83,120 were females and 58,178 were males 

Advanced Registry. In 1908 the Red Polled Cattle Club adopted an 
Advanced Registry plan In order to be eligible for entry in the Advanced 
Register, a mature cow must produce 300 pounds of fat and 6,000 pounds 

ofmilk Todate 1,197 cowshavequalified These average 8,827 pounds ol 

milk and 381 2 pounds of fat (See the following table ) 


Ten Highest Prodocinc Red Polled Cows 


Name 

Poooda of Klilk 

pounds of Fat 

Jean Duluth Beauty 31725 

20,2S06 

891 58 

R L Josephine 52620 

15,3102 


R. L Lilly Ella 52624 

17, W5 7 

723 67 

R- L Dorcas 58725 

15,3131 

707J6 

Jean Duluth Pear 28991 

16,598 4 

707 24 

R. L Dewie 72432 

13,512 2 

703 10 

R L Paulina 62208 

14,123 5 

700 14 

Lula 63235 

14 883 5 

688 04 

Golden PluUe 47408 

11,733 9 

677 85 

R.L Peggy 72438 

16,335 10 

63101 


Score cards The Scale of Pomts for the Red Polled differ rather 
fundamentally from the Scale of Pomts of the strictly dairy breeds in 
the desired qualifications of many parts The Red Polled Scale of Pomts 
calls for more fleshing, and a rounding of parts that should be angular 
for the strictly dairy breeds The red Polled should be rounding over the 
shoulders and hind quarters, with good covering of flesh over the hips and 
back The Red Polled Scale of Pomts also lays slightly less stress on mam- 
mary development 


RED POLL CX)W SCORE CARD 

Ideds oj type and breed charaetenstus must be considered 
tn the application of the terminology of this score card 

1. General Appearance Perfect Score — 30 

Attracuve individuality, revealing vigor, femininity with a harmonious blend- 
ing and correlation of parts Impressive style and attractive carnage with a 
graceful walk 

Breed Characteristics 

COLOR — any shade of red, deep to dark red preferred, the switch of tail may be 
red, red and white, or white There may be a limited amount of white running 
forward to the navel Nose of clear color, intenor of ears should be a ycllov/ 
waxy color 

SIZE — weight when mature in moderate flesh, 1200 to 1500 pounds 

HEAD — short to medium length, feminine, wide between the eyes, sloping grad- 
ually from above the eyes to poll, the poll well defined and prormnent with a 
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sharp dip behind it m center of head, care of medium size and well earned, eyes 
prominent, face well dished bet^\ ecn the eyes, bndge of nose straight, muzzle 
Mde with large nostnls 

NECK— medium in length, clean cut, and straight from head to top of shoulder 

SHOULDER — medium m thickness, smoothly laid level uith line of back 

BACK — strong and straight 

loin — broad, strong, and nearly le\el 

RUiip long, wide, top-line level from loin to and including tail head 
Hips \vide, approximately level laterally with back 
Thirls wide apart 

Pinbones wide apart and slighdy lower than hips, well defined 
Tail head slightly above and neady set between pm bones 
Tati long and tapenng with nicely balanced switch 
FRET AND LEGS — 

Forelegs — short, nearly straight, wide apart, squarely placed Feet short and 
well rounded with deep heel and level sole 
Hmd legs — when view ed from the side, nearly perpendicular from hock to pas* 
tern When viewed from rear, legs wide apart, and nearly straight Bone, 
medium size, pasterns medium length Feet short and well rounded with 
deep heel and level sole 

2 Beef and Dairy Characteristics Perfect Score — 25 

Deep body, short legs, moderately thick, smooth flesh covenng 

— medium in length, blending smoothly into shoulder and brisket, clean cut 
throat and dewlap 

shoulders — well defined, blending smoothly 
loin— broad, strong, well covered 

vvide, rounding, and well covered 

thighs — long, wide, medium in muscle development, wide apart when viewed 
from the rear, providing sufficient room for udder development 
SKIN medium in thickness, loose, pliable 

3 Body Capacity Perfect Score— 20 

Relauvely laige in proportion to size of animal, providing ample digcsuve 
^paaty , strength, and vigor 

Barrel— deep, strongly supported, with spring of nbs arching from backbone. 
JtEARTGiRTH — large, resulung from long, well sprung nbs, wide chest floor be- 
tween front legs, fullness at point of elbow 
^ Mammary System Perfect Score — 25 

A capacious, strongly attached, wcU-camed udder of good quality, mdicaUng 
heavy producDon and a long period of usefulness 
tJDDER — . 

Copaatj! and Shape — long, wide, and of moderate depth, extending well forward, 
strongly attached, reasonably level floor, rear attachment high and wide, 
quarters e\ enly balanced and syTnmetncal 
Texture soft, pliable, and elastic, well collapsed after milking 
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Teals uniform, of comcnicnt length and size, cylindrical in shape, free from 
obstructions, well apart and squarely placed, plumb 
HAMUNRY VXLNS — long, torluous, prominent, and branching, tvith numerous large 
wells, \cins on udder numerous and clearly defined 

Total Perfect Score — 100 


EVALUATION OF DEFECTS 

In a shou. ring, Jisqualtficalton means that an ansmal is ineligible to tim a prize Any 
disqualified animal is not eligible to be shou-nin group dosses In slight to serious discrmina 
lion, the degree oj seriousness shall be determined by the judge 
EYES — 

1 Total blindness Disqualification 

2 Blindness in one eye Slight discnminaiion 

COLOR — Too light or too dark, approaching black Slight discrimination An> 
•white spots aboNC the underline, or above the switch of tail, or on the legs 
Disqualification Any white running forward of navel Senous discnmination 
NOSE— Black Senous discnmtnauon Cloudy or spotted Slight discnmmanon 
CAPPED HIP— Slight discnmination 

TAIL SETTING — Abnormal tad settings Slight to senous discnmination 
LEGS AND PEZT — 

1 Lameness — apparently permanent and interfcnng with normal function 
Disqualification Apparently temporary and not affecQng normal function 
Slight ducnmmation 

2 Bucked knees, blemished hocks, crooked hind legs, weak pasterns Slight to 
senous discnmination 

3 Evidence of arthnos, crampy hind leg Senous discnmmaDon 

4 Enlarged knees Slight discnmination 
SCURS OR HORNY GROWTH — Disqualification 
LACK or SIZE — Slight to senous discnmination 

TEMPORARY OR MINOR INJURIES — ^Blcmuhcs OT injuncs oF a temporary char- 
acter not affecUng animal s usefulness Slight discnmination 
EVIDENCE OF SHARP PRACTICE — Animals showing signs of having been oper- 
ated upon or tampered with for the purpose of concealing faults in conforma- 
tion, or with intent to deceive relative to the animal’s soundness Disqualifica- 
tion 

UDDER — 

1 One or more blind quarters Disqualification 

2 Abnormal milk (bloody, clotted, watery) Possibly disqualification A slight 
to senous defect 

3 Udder definitely broken away in attachment Senous discnmination 

4 A weak udder attachment Slight to senous discnmination 

5 One or more light quarters, hard spots m udder, side leak or obstrucuon in 
teat (spider) Slight to senous discnmination 

DRY cows — In case of cows of apparently equal ment Give preference to cows 
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Disqualification from Registration 

COLOR — ^Any white spots abo\e underline or above svntch of tail, or on the legs 
HORNS — Scurs or any homy grow th 

Approved by the Red Poll Cattle Club of America 1944 

RED POLL BULL SCORE CARD 

Ideals of type and breed ckaractertstics must be considered 
in the application of the terminology of this score card 

1 General Appearance Perfect Score — 30 

Attractive individuality , rev ealing vagor, masculinity with a harmonious blend- 
ing and correlation of parts Impressive style and attractive carnage with an 
active, well balanced walk 

Breed Characteristics 

COLOR — any shade of red, deep to dark red preferred, the switch of tail may be 
red, red and white, or white There may be a limited amount of white running 
forward to the navel Nose of clear color, mtenor of ears should be a yellow 
waxy color 

^vcight when mature, in moderate flesh, 1800 to 2000 lbs 
HEAD — short, vvide, strong, masculine, poll strong, less prominent than on cow, 
ears of m^ium size, ears well earned, eyes prominent, forehead broad between 
the eyes and moderately dished, bndge of nose straight, muzzle wide with 
la^e nostrils 

NtCK — short to medium in length, full crest, thick, masculine 
shoulder — medium thick, smoothly laid level with line of back 
back — strong, straight 
loln-— broad, strong, full, level 

Ruitp — long, wide, top line level from loin to and including tail head 
Hips wide, approximately level laterally with back 
TAur/rvode apart 

Pinbones wide apart, slightly lower than hips 

Tail head slightly above and neatly set between pinbones 

Tati long and tapenng with nicely balanced switch 

2 Beef and Dairy Characteristics Perfect Score 35 

Lcep body, short legs, moderately thick, smooth flesh covering 

neck— short to medium in length, blending smoothly into shoulders and brisket, 
brisket carried well forward, clcan-cut throat and dewlap 
SHOULDER— of medium thickness and smoothly laid, coming up level with line 

of back 

Lois—broad, long, thickly covered 
Hips wide, rounding, and well covered 

thighs- when viewed from side, wide, moderately full and with fullness canned 
n dose to hock When \ lewed from the rear, full and deep on outside, mod- 
erately wide apart 
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SKIN — of medium thickness, loose, pliable 
TESTICLES — both normal — scrotum normal 

3 Body Capaaty Perfect Score— 20 

Relatively large in proportion to size of animal, providing ample digestive 
capaaty, strength and vigor 

BARREL — deep, strongly supported, with spnng of ribs arching from backbone 
HEARTCIRTH — large resulting from long, well sprung nbs, wide chest floor be- 
tween front legs and fullness at point of elbow 

4 Legs and Feet Perfect Score— 15 

FORELEGS — short, nearly straight, wide apart, squarely placed Feet short and 

well rounded with deep heel and level sole 
HIND LEGS — when viewed from the side, nearly perpendicular from hock to pas- 
tern When vnewed from rear, legs wide apart and nearly straight Bone, me- 
dium size, pasterns medium length Feet short and well rounded wnth deep 
heel and level sole 

Total Perfect Score — 100 

EVALUATION OF DEFECTS 

7r a shoiL Ting, dtt^altjualion truant that an animal tt tmhgthle to xitn a pngt Anj 
animal u not eligible to be shown tn group tlatses In thght to smous dttmmina- 
tin, the degree ej sertousnett shall be determined bf the judge 
EYES— 

1 Total blindness DisqualiScauon 

2 Blindness in one eye Slight discnmtnauon 

COLOR — ^Too light or too dark, approaching black Slight discnmmation Any 
white spots above the underline, or above the switch of tail, or on the legs 
DisquahEcation Any white running forward of navel Senous discnnunaaon 
NOSE — Black Senous discnmmation Cloudy or spotted Slight discnimnation- 
CAPPED KIP — Shght discnmmation 

TAIL SETTINO — Abnormal tail settings Slight to senous discnmmation 
LEGS AND FEET — 

1 Lameness— apparently permanent and mtcrfcnng with normal function 
Disqualificauon Apparently temporary and not afTectmg normal funcUon 
Slight dtscnmination 

2 Bucked knees, blemished hocks, crooked hind legs, w eak pasterns Shght to 
senous discnmmation 

3 Evidence of arthnus, crampy hind leg Senous discnmmauon 

4 Enlarged knees Slight discnminaiion 
SCURS OR HORNY GROWTH — Disqualification 
LACK OF SIZE — Slight to scnous discnnunauon 

TESTICLES— Bull With one tesDclc or abnomial testicles DisqualificaUon 
TEMPORARY OR MINOR INJLRIES — Blcmishcs OT injuncs of a temporary char- 
acter not affeenng animal’s usefulness Slight discnmmation 
EVTDESCE OF SHARP PRACTICE — Animals ihowing signs of having been oper- 
ated upon or tampered with for the purpose of concealing faults in conforma- 
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tion, or with intent to deceive retatnc to the animal’s soundness Disqualifica- 
tion 


Disqualification from Begistration 

COLOR — Any white spots above underline or above switch of tail, or on the legs 
HORNS — Scurs or any homy growth 
TESTICLES — Only one testicle in purse 

Approetd by the Red Poll Cattle Club oj America 7944 



Chapter 18 




While the breeds previously discussed make up nearly all of the 
strictly dairy cattle in the United States, several other breeds have repre- 
sentatives that are strictly dairy in character The most important of the 
minor dairy breeds is the Dutch Belted, followed by the Red Danes, 
French Canadian, and the Dexter and Kerry breeds 

THE DUTCH BELTED 

Characteristics The chief distinguishing characteristic of the Dutch 
Belted breed is the silvery white belt around the middle of an otherwise 
cola black animal No black is tolerated on this belt, which begins im- 
mediately back of the shoulder and sometimes extends back to the hook 
bones The only other white on these cattle is the small amount sometime 
found on the feet The belt may be of varying widths, but for the animal 
to be elgible for registry, is must be at least 6 inches wide at its narrowest 
point 

The Dutch Belted is a little smaller m size than the Holstein, which 
they otherwise resemble to a considerable degree Mature cows weigh from 
1,100 to 1,400 pounds, and bulls from 1,600 to 2,200 pounds As a rule 
the Dutch Belted is finer boned than the Holstein and not quite so deep 
of middle (Figs 38 and 39 ) The calves weigh from 65 to 90 pounds at 
birth and are vigorous and easy to raise The body fat is said to be white, 
making presentable veal and beef carcasses from that standpoint 

The milk, containing 4 0 per cent of fat with low color, resembles that 
of the Ayrshire The fat particles are small 

Oiigin and history The exact origin of the Dutch Belted is obscure 
It is generally believed that they sprang from the black and white cattle 
of Holland Some authorities claim that they were in existence as early as 
the sixteenth century Until recently they have been entirely in the hands 
of the nobility in Holland While so confined, the main objective in breed- 
ing was to fix the belted character In Holland they are known as the 
Lakenwield breed 

The first importation into the United Slates was made m 1838 In 1840 
the most important importation was made when P T Barnum brought 
over a number of head to be used for show purposes A total of 69 animals 
have been imported 

Dutch Belted cattle are found in most states but the numbers are few 
New York, New Jersey, and Florida have the largest numbers 

Record keeping Registration transfer, and recording of Official Test 
records is done by the Dutch Belted Cattle Association This association, 
organized in 1886, has its offices at Buchanan, Michigan 
16S 
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In 1920 the Association adopted an Advanced Registry system Up ro 
January, 1935, 99 cous had been admitted These average 10,570 pounds 
of milk, 417 pounds of fat, and a 3 94 fat percentage The highest record 
cow of the breed is Loraine of Brunswick, with 816 5 pounds of fat and 
18,211 pounds of milk 

Scale of Points for Dutch Belted Cows 

Count 

1 Body color black, with a clearly defined continuous white belt The 
belt to be of medium width, b^inning behind the shoulder and ex- 


tending nearly to the hips 8 

2 Head comparatively long and somewhat dishing, broad between the 

e)cs Poll, prominent, muzzle, fine, dark tongue 6 

3 E>esblack, full, and mild Homs long compared with their diameter 4 

4 Neck fine and moderately thin, and should harmonize in symmetry 

With the head and shoulders 6 

3 Shoulders fine at the top, becoming deep and broad as they extend 

backward and downw ard, ^vlth a low chest 4 

6 Barrel large and deep with well-developed abdomen, ribs well rounded 

and free from fat 10 

7 Hips broad and chine level, w ith full loin 10 

0 Rnmphigh, long, and broad 6 

" Hindquarters long and deep, rear line lncur\^ng Tail long, slim, taper- 
ing to a full switch 8 

10 Legs short, clean, standing well apart 3 

11 Udder large, well-developed front and rear Teats of convenient size 

and wide apart, mammary veins large, long, and crooked, entering 
large orifices 20 

12 Escutcheon 2 

13 Hair fine and soft, skin of moderate thickness, of a rich dark or yellow 

color 3 

Qmetdisposiuonandfrecfromcxcessivefat 4 

General condition and apparent consutution 6 

Perfection 100 


Scale of Points for Dutch Belted Bulls 
The scale of points for males shall be the same as those given for females, except 
^at No n shall be omitted and the bull credited 10 points for size and wide 
spread and placing of rudimentary teats, and 10 additional points for perfccUon 
Of belt 


FRENCH CANADIAN 

'Vhile there are but few French-Canadian cattle m the United States, 
this breed merits consideration because it is the only breed of dair> cattle 
developed in America The Frcnch-Canadian breed has been developed 
around Quebec from importations of cattle from France made by the 
early French settlers at Quebec The breed onginates from the Normandy 
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Fig. 38. A typical Dutch Belted boll. King cf lokeview 1743. 

and Brittany cattle of France and is, therefore, closely related to both the 
Guernsey and Jersey breeds 

French'Canadian cattle are of the same size and general body confor- 
mation as the Jersey. They are, however, somewhat rougher, and the 
udders lack the symmetry of the Jcrse>-s. They are very hardy and excellent 
grazers The milk averages 4 5 per cent fat. In color they are mostly solid 
black, although some individuals have a light band around the muzzle 
and a light strip along the back. 

In certain parts of the Province of Quebec, Frcnch-Canadian is the 
predominating breed A few arc found in the northeastern part of the 
United States. There is no registry association in the United States. In 
Canada the affairs of the breed are looked after by the French-Canadian 
Herd Book Association, with headquarters in Quebec. An Advanced 
Register was established in Canada m 1907. No large records have as yet 
been reported. 

THE DEXTER AND THE KERRY 

The Dexter and the Kerry deserve mention because at one time there 
w’as a registry association for these two breeds of cattle in the United 
States. The association has been disbanded for several )cars because of 
lack of interest in these breeds. 

The Kerry originated in Kerry County, Ireland, where it is favored by 
small farmers. It is somewhat smaUcr than the Jersey, averaging about 
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^'9* 39. A typical Dutch Belted cow, Glorlo 3231 hos o record of 16,546 
pounds of milk and 780 pounds of butterfot mode when three years of oge. 


900 pounds and is clean cut and of strictly dair>' conformation These 
cattle are solid black, except for occasional white spots in the inguinal 
region and on the udder. They produce a moderate amount of mill: 
averaging about 4 per cent fat. 

The Dexter is an offshoot of the Kerry- and differs from it in that the 
Jpgs are much shorter and the total size somewhat smaller. The mating of 
Dexter to Dexter produces on an average one Kerry, two Dexters, and 
one so-called “Bulldog” calf which is born prematurely and dead. A 
recessive gene when present in the homozygous condition is responsible 
for the Bulldog calf. When in the heterozygous condition this gene is 
responsible for the short-legged condition that is characteristic of the 
Dexter cattle. 

THE RED DANES 

The dominant breed of dairy cattle in Denmark is the Red Dane. This 
oreed was developed m Denmark to suit the special conditions of that 
country. The Red Dane is solid red and homed. Because of long selection 
and breeding the Red Danes in their native country' are uniform in size, 
^ype, and in the characteristics of their milk. The fat percentage of the 
^Ik is 4 per cent The more highly developed dairy’ breeds will have 
members that exceed the best of the Red Danes in production capacity 
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but it is alleged that there are fewer poor producers among the Red 
Danes. 

In 1936 the United Slates Department of Agriculture imported 20 
females and 2 males of selected breeding from Denmark for cross-breeding 
purposes. Bulls de\ eloped from this project hav e been used on dair^^ farms, 
particularly in Michigan, in crosses on grade cattle A sizeable number 
of cattle has now been de\ eloped that are descendants of these original 
imported Red Dane cattle In December, 1945, a registry association was 
formed at East Lansing, Michigan, known as the American Red Danish 
Catde Association. 

All third cross females and fourth cross males are eligible to registry 
in this Association. Females cannot be registered until thev have a record 
of production. 



Chapter 19 

TYPES OF DAIRY FARMING 
AND BREED SELECTION 


Before disclssing the choice of a breed for dairy purposes, it b 
A\ell to consider the different t^pes of dairv farming, as the choice of a 
breed is influenced to a certain extent b\ the t^-pe of dauATOg that is to be 
practiced Dairy farming vanes undcly wnth different conditions Although 
not all dairy farms can be put definitelv into any one of the different 
classes, in general dairy farms ma\ be classified on at least three bases the 
intensity vMth \\hich dairying is practiced, the kind of cattle used, and the 
product marketed 

DAIRY FARMS 

On the basis of intensity On the basis of intensity dairy farms mav be 
divnded into three groups These groups are specialized dairv farms, 
diversified farms, and farms where dairvnng is but a side line 

The specialized dairy farms are those on which the major or sole income 
IS denv from the dairv This type of farm is common around large cities, 
to which It supplies milk, m the dairy regions where cheese and condensed 
milk are made, and m many sections where butter is produced Some of 
the specialized dames produce no feed These dames are usually located 
close to large cities with good markets, where the land is too expensive to 
use for producing feed for cattle The increased cost of production incurred 
by having to purchase all the feed used is of^et by favorable location 
to the market Another group of specialized farms grovvs only the rouch- 
age needed for the dairy and purchases most or all of the concentrate 
feeds These farms, too, are usuallv located near large cities where the 
acreage is limited A third group produces all the feed needed for the 
dairy The specialized dairy farms m the Midwest fall largely into this 
group On farms of this type the size of the herd is determined bv the 
amount of feed that can be grow-n on the land It is on this type of dairy 
farm that the most economical production of milk is possible 

Diversified dairy farms arc those on v\hich dairvnng is not the sole 
source of income but constitutes one of the important sources of revenue 
This type of farm is v cry common in the com belt In addition to income 
from the dairv, such oiher farm enterprises as grov\nng hogs, poulirv, 
horses sheep, and cash crops arc important sources of income 

The third tvpe of dairv farm u that on w hich the income from the sale 
of dairy products is merclv incidental It may come from surpluses of a 
few cows kept mamlv to supply the household with milk and cream 
Farms producing beef cattle mav milk a few of the higher producing cows 
and sell the cream FrequcnxK such farms milk cows onlv \% hen the butter 
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fat prices are high or when other sources of income from the farm have 
lailed Others practice milking a few cows >ear m and >ear out regardless 
of the price condition This type of dair> farm, found chiefly in the Western 
and Southwestern states, constitutes an important source of butter 
On the basis of kind of cattle kept. Dairy farms may be classified on 
the basis of whether the cows are raised on the farm or are purchased for 
the herd Farms on which dairy cattle arc raised fall into three classes, 
depending upon whether purebreds, grades, or nondescripts are raised* 
Purebreds comprise 4 7 per cent of all dairy cattle, according to govern- 
ment estimates ^ They are important not because of numbers, but because 
grade herds, which produce a lai^e part of the dairy products of the 
country, are dependent upon purebred bulls for existence There are 
several types of purebred herds With some herds the sale of milk or cream 
IS the mam source of income, and the sale of surplus cattle is more or less 
incidental With others the emphasis is placed upon the sale of breeding 
stock, and the income from the sale of milk and cream becomes more 
incidental Some are kept as a fancier’s hobby, elaborate setups being 
maintained for the production of show cattle as the chief objective Those 
fanciers who carry on a sound breeding program for breed improvement 
do so often at great expense in costs of herd bulls and testing expense, but 
they do render outstanding service to the dairy cattle enterprise 
Grades comprise from 80 to 85 per cent of all dairy cattle in this country 
and are the source of a larger proportion of the total milk and cream 
supplj The majority of specialized dairy farms are stocked wth grades 
of the special dairy breeds, these grades comprise about nvo-thirds of all 
grade dairy cattle The other third of the grade population consists of 
members of the dual-purpose types 

Nondescripts are cattle lacking sufficient of the characteristics of any 
Dreed to be classified as belonging to a breed This group comprises about 
per cent of the total dairy cattle population of the United States In 
this group are found the lowest producers and m general the most un- 
desirable of dairy cattle While members of this group are found e\ery- 
'vhere, they are the most common on the nonspeciahzed dairy farms 
On the type of dairy farm on which no calves are raised, all milking 
cows are purchased either as springers or as fresh cows When the milk 
production of any cow drops below the point of being profitable, the cow 
sold for slaughter, and a fresh cow is purchased for replacement This 
^ype of dairying is limited to the production of market milk 

On the basis of the type of market. All dairy farms can be classified 
selling either milk or cream A few sell both 

Whole milk is sold from the farm for market milk, cheese manufacture, 
condensed milk, casein, and dried milk Approximately one-half of the 
^dk produced for sale is sold off the farm as whole milk Farms w here all 
milk is sold as whole milk are located chiefly around large cities and 
‘n cheese producing and condensed-milk areas In some butter-producing 
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Before discussing the choice of a breed for dairy purposes, ft is 
well to consider the different ix-pcs of dairy farming, as the choice of a 
breed is influenced to a certain extent by the tj'pc of dair) ing that is to be 
practiced Dair> farmmgvaneswidcly withdifferentconditions Although 
not all dairy farms can be put definitely into an> one of the different 
classes, in general dair> farms maj be classified on at least three bases the 
intensity ivith which daiiy mg is practiced, the kind of cattle used, and the 
product marketed 

DAIRY FARMS 

On the bans of intensity On the basis of intensity dairy farms may be 
dmded into three groups These groups arc specialized dairy farms, 
diversified farms, and farms where dairying is but a side line 

The specialized dairy farms are those on which the major or sole income 
IS derived from the dairy This type of farm is common around large cities, 
to which It supplies milk, in the dairy regions where cheese and condensed 
milk arc made, and in many sections where butter is produced Some of 
the specialized dames produce no feed These dames are usually located 
close to large cities with good markets, where the land is too expensive to 
use for producing feed for cattle The increased cost of production incurred 
by having to purchase all the feed used is offset by favorable location 
to the market Another group of specialized farms grovv-s only the rough 
age needed for the dairy and purchases most or all of the concentrate 
feeds These farms too, are usually located near large cities where the 
acreage is limited A third group produces all the feed needed for the 
dairy The specialized dairy farms in the Midwest fall largely into this 
group On farms of this type the size of the herd is determined bv the 
amount of feed that can be grown on the land It is on this type of dairy 
farm that the most economical production of milk is possible 

Diversified dairy farms arc those on which dairynng is not the sole 
source of income but constitutes one of the important sources of revenue 
This ty^ic of farm is very common in the com belt In addition to income 
from the dairy, such other farm enterprises as g^ow^ng hogs, poultry, 
horses, sheep, and cash crops arc important sources of income 

The third type of dairy farm is that on v\hich the income from the sale 
of dairy products is merely incidental It may come from surpluses of a 
few cows kept mainly to supply the household with milk and cream 
Farms producing beef cattle may milk a few of the higher producing cows 

and sell the cream Frequently suchfarmsmilkcowsonlywhen the butter- 
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fat prices are high or when other sources of income from the farm have 
iailed Others practice milking a few cow^ >ear in and year out regardless 
ofthe price condition This ty^pe of dairy farm, found chiefly in the Western 
and Southwestern states, constitutes an important source of butter 
On the basis of kind of cattle kept. Dairy farms may be classified on 
the basis of whether the co^vs are raised on the farm or are purchased for 
the herd Farms on which dairy cattle are raised fall into three classes 
depending upon whether purebreds, grades, or nondescnpts are raised* 
Purebreds comprise 4 7 per cent of all dairy cattle, according to govern- 
ment estimates ' They are important not because of numbers, but because 
grade herds, which produce a large part of the dairy products of the 
country, are dependent upon purebred bulls for existence There are 
several types of purebred herds With some herds the sale of milk or cream 
IS the main source of income, and the sale of surplus cattle is more or less 
incidental With others the emphasis is placed upon the sale of breeding 
stock, and the income from the sale of milk and cream becomes more 
incidental Some are kept as a fancier’s hobby, elaborate setups being 
maintained for the production of show cattle as the chief objective Those 
fanciers who carry on a sound breeding program for breed improvement 
do so often at great expense in costs of herd bulls and testing expense, but 
they do render outstanding service to the dairy cattle enterprise 
Grades comprise from 80 to 85 per cent of all dairy cattle m this country 
&nd are the source of a larger proportion of the total milk and cream 
supply The majority of specialized dairy farms are stocked with grades 
of the special dairy breeds, these grades comprise about two thirds of all 
grade dairy cattle The other third of the grade population consists of 
members of the dual-purpose types 

Nondescripts arc cattle lacking sufficient of the characteristics of any 
breed to be classified as belonging to a breed This group comprises about 
^1 per cent of the total dairy cattle population of the United States In 
this group are found the lowest producers and in general the most un- 
tlesirable of dairy cattle While members of this group are found every- 
'vhere, they arc the most common on the nonspeciahzed dairy farms 
On the type of dairy farm on which no calves are raised, all milking 
cows are purchased either as springers or as fresh cows When the milk 
production of any cow drops below the point of being profitable, the cow 
sold for slaughter, and a fresh cow is purchased for replacement This 
type of dairying is limited to the production of market milk 
Gn the basis of the type of market All dairy farms can be classified 
^ selling cither milk or cream A few sell both 
Whole milk is sold from the farm for market milk, cheese manufacture, 
condensed milk, casein, and dried milk Approximately one-half of the 
produced for sale is sold off the farm as whole milk Farms where all 
the milk IS sold as whole milk are located chiefly around large cities and 
*0 cheese-producing and condensed milk areas In some butter-produemg 
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areas the cream is sold for butterfat, and part or all of the skim milk is sold 
for the manufacture of dried skim milk and casein 

About one-half of the milk produced for sale is used for butter making. 
It is sold either as cream to butter factories or in the form of butter made 
on the farm Where this is practiced, the skim milk is available on the farm 
for feeding purposes Farms m this class usually keep poultry or hogs to 
utilize the skim milk 

CHOOSING THE DAIRY BREED 

The most important consideration in establishing a high producing 
herd of dairy cattle is the individual animal The variation between 
individuals within any one breed is infinitely greater than variations 
between breeds There are, however, a number of factors of considerable 
importance to be taken mto account when selecting a dairy breed The 
important considerations, as well as of some of the claims for superionty 
that cannot be substantiated, made by some breed organizations, arc given 
under the following headings 

1 Personal preference 7 Efficiency of digestion 

2 Breed predominating 8 Maintenance requirements 

in the community 9 Utilization of roughage 

3 Type of market 10 Vigor of calves 

4 Climate 11 Early maturity 

5 Grazing 12 Beef value of cows 

6 Demand for surplus slock 13 Dual purpose cows 

Personal preference One is likely to become enthusiastic over a breed 
for which he has a personal preference, and enthusiasm may be the 
deciding factor in carrying the enterprise through to success Most people 
who like livestock are capable of transferring their personal preferences 
from one breed to another However, some people are so prejudiced in 
favor of one breed, because of early contacts with that breed, that it is 
difficult for them to do anything but criticize the other breeds 

Breed predominating in the community Anyone starting dairy 
farming would do well to select the predominating breed in the com- 
munity Breeders of one breed of cattle naturally fall into a fraternity 
because of the many common interests, and there are many advantages in 
being a member of such a fraternity Again, the breed most prevalent in 
the community has considerable advantage when surplus cattle are to be 
marketed Buyers are more likely to come to a community where there 
are large numbers of the breed of cattle in which they are interested To 
name the communities in the United States that have become famous for 
their cattle would require a volume In Wisconsin, for instance, Ft 
Atkinson, Fond du Lac, and Barron Ckiunty are known all over the United 
States for the numbers and quality of their cattle In the case of these 
communities, where dairying is by far the major farm enterpnsc, both 
Guernseys and Holsteins are found In Minnesota the Northfield com- 
munity has confined its efforts to the Holsteins Because of concentration 
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on this one breed, it has become nationally famous, cattle from this 
community have been sold to practically every state m the Union and to 
several foreign countries 

Type of market That some dairy breeds are better adapted for certain 
markets than others cannot be questioned For butter production there is 
no particular advantage of one breed over another It is true that the 
higher testing breeds produce butterfat at a lower cost per pound than do 
the lo^^er testing breeds, but to compensate for this, the lower testing 
breeds produce more skim milk, which has additional feed value on the 
farm For cheese production the higher testing breeds are not so well 
adapted, as it becomes necessary to remove part of the fat in order to have 
the correct proportion of fat to solids-not fat Breeds testing 4 per cent or 
less are the best fitted for cheese production The proportion of fat to 
solids not-fat in condensed milk is the same as for cheese, therefore, the 
breeds best adapted for cheese production are likew ise best adapted for the 
production of condensed milk 

For market-milk production there are conditions under which any one 
of the breeds may be best adapted Where the fat standard is 3 5 per cent 
and where a small differential is allowed for the excess fat in the milk, 
the lower testing breeds have a decided advantage In milk markets where 
the differential for increased fat content is sufficiently large to adequately 
compensate for the additional cost of high testing milk, the low testing 
breeds have no advantage over the high testing breeds 
Around many population centers there are opportunities to develop 
markets for special milks at good prices Different breed associations 
through advertising campaigns have developed special demands for the 
milk from their particular breed The Guernsey and Jersey breed associ- 
ations have respectively copyrighted **Golden Guernsey and Cream 
Line” as trade names for the two milks Anyone located near a market 
'vhere sales for either one of these have been developed would do well to 
investigate the possibilities before making the choice of a breed 
Recently some breed associations have made claims that their breed 
produces milk ^vlth a lower curd tension than that of other milk, and that 
IS, therefore, more easily digested Although it has been demonstrated 
^bat there are marked variations m the curd tension of the milk as be- 
^"cen individual cows, there are too few data available at the present time 
say that one breed is superior to another in this respect 
Climate While adaptation to climate is not a major consideration in 
^be selection of a breed, there are differences in the abilities of breeds to 
Withstand different climates For hot climates the small breeds are dis- 
Jmctly superior they have a larger body surface per unit of weight than 
[arger breeds, and therefore are more efficient m getting nd of surplus 
beat The breeds of black color absorb more heat from the sun than^e 
bgbier colored breeds, and consequently suffer more from heat The 
‘f^'ger animals are able to stand cold better than the smaller ones, since 
^bcir body surface is proportionately smaller and they l^e heat li^ 
However with the modem housing conditions the larger breeds 



178 


DAIRY SCIENCE, SECOND EDinOV 


have no particular advantage over the smaller ones in this respect Some 
of the most successful Jersey farms arc found in the northern part of 
Canada, where the winters are extremely cold 

Grazing Considerable differences have been noted in the abilities of 
breeds m grazing All the reasons for this arc not clear The larger animal 
has greater feed needs and consequently must cover more ground to satisfy 
Its nutrient requirements, therefore it would not be expected to do as 
well on pasture as the smaller animal However, the Brown Swiss, one of 
the largest of the breeds, is regarded as one of the best of grazers 

The Ayrshires, medium in size, would possibly rank first This can be 
accounted for by the fact that they have been developed m a country of 
scant pasture, and that only those having superior grazing abilities would 
be selected for breeding purposes However, the Jersey, an excellent 
animal as a grazer, has been brought up under ideal grazing conditions 
The Guernsey, brought up under similar conditions and of approximately 
the same size, is not as good a grazer as the Jersey Where pastures are 
luxuriant, there is no difference m breeds m regard to grazing Where 
pastures are scant the differences m grazing ability are sufficient to ment 
serious consideratiofi m the selection of a breed 
Demand for surplus stock For the breeder of purebred cattle the 
demand for hts surplus stock is a most important consideration, as a good 
share of the revenue from a purebred establishment may come from the 
sale of stock for breeding purposes The demand for surplus stock is 
inversely proportional to the supply During the depression years, it was 
observed that the Guernsey and the Brown Swiss breeds experienced the 
least decline in prices, chiefly because the numbers of these two breeds 
are much smaller than for Holstcins and Jerseys 

Efficiency of digestion While different breed associations have made 
claims for superior powers of digestion for their particular breed of cattle, 
the evidence clearly shows that there arc no breed differences in the ability 
to digest food ‘ 

Maintenance requirements Food for maintenance is in direct pro- 
portion to the size of the animal, and the requirements for maintenance 
arc definitely known According to the revised Haecker feeding standard,* 
7,000 pounds of total digestible nutrients are needed daily for the main- 
tenance of 1,000 pounds live weight The larger breeds, therefore, need 
more food for maintenance than do the smaller ones The Holsteins require 
from 20 to 30 per cent more feed for this purpose than do the Jerseys, and 
must produce proportionately more in order to be as economical con- 
verters of feed nutrients into milk nutrients 

Utilization of roughage In the utilization of roughage, different 
breed associations have claimed supenorityfor their breed Adequate data 
to prove or disprove this arc lacking However, it is questionable that any 
breed is superior to another breed m its ability to consume and utilize 
roughage In 1912 Woll, studying the relative amount of grain and 
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roughage used by different breeds on farms m Wisconsin, found that 47 6 
per cent of the digestive nutrients came from roughage for the Holsteins, 
53 1 per cent for the Guernse>s, and 59 8 per cent for the Jerseys These 
figures are subject to criticism because the Holsteins had much higher 
yearly production than did either the Jcreey or Guernsey and, therefore, 
had been fed concentrates more liberally Savage found that Holsteins 
obtained 52 8 per cent and Jerseys 51 per cent of their nutrient from 
roughage The latter figures too, are subject to criticism, in that they did 
not measure the maximum roughage-consuming abilities of the breed At 
the Minnesota Station when cows were allowed roughage onK, great 
individual variation tsas found, but there were no differences that could 
be attnbuted especially to breed differences In the main, the larger 
animal is able to consume more roughage than the smaller one but the 
true entenon of utilization of roughage is the amount consumed per 
hundred pounds of live weight At the Minnesota Station the Holstein 
and the Jersey were found to be alike m this respect 

Vigor of calves From the standpoint of the average farmer the 
strength and vigor of calves at birth and the ease of raising are very 
important considerations The losses of calves are as a rule high on farms 
The Brown Swiss are outstandmg in the strength and vigor of the calves, 
the Holstems and the AyTshires are next, and the Jersey and the Guernsey 
follow with the weakest calves 

Factors involved in veal production are discussed under another head- 
ing However, for some conditions the production of veal may be an 
important economic item Only the larger breeds are to be considered for 
veal production The calves of small birth weight require too long a time 
and too much milk to bring them to marketable weights for veal 

Early maturity Early maturity is a consideration not often given 
attention, nevertheless it is important from an economical standpoint 
The cost of grovMng an animal into production age is a very important 
Item The longer it takes to grow an animal, the greater the cost, and 
since as the animal increases m age there is a constant increase m cost of 
maintenance, the last tvNO months may cost more than the three preceding 
months Because the larger breeds mature later than the smaller ones, 
there is considerably more invested in them at production age In addition 
to this, the larger breeds cost more for the same age Henderson, Bowling, 
and Hermann studied the cost of raismg heifers to 24 months of age and 
found that Holstems cost S103 17 and Jerseys S94 61 * Since Jerseys come 
into milk at this age, the figure represents the cost of raising to milk 
producing age, and since four additional months are required to bnng 
the Holstein to milking age, an added cost is incurred, bringing the total 
to S130 00 Part of the increased cost of growing the larger animal will be 
recovered m the increased sales value when the animal is through pro- 
ducing, therefore not all the differences in cost of raising can be charged 
as net increases 

' HrvDERsov Boivuvo and Hermann AfnPtmt o/ Ferd and Labor Vied m Raxnnt 
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Fig. 45. Showing the similarities between the skeletons of beef and dairy 
types. The upper is that of Sophie 19lh of Hood Farm, a highly specialized 
dairy cow of the Jersey breed, while the lower is that of Biockbird of DoIIos, 
a purebred Angus and highly specialized beef cow. 


to be poor producers, they are undoubtedly lacking in the inheritance of 
the hormones that stimulate the glands into continued activity 

The mammary development includes the udder, teats, and milk veins 
The size, quality, and shape of the udder are important considerations 
The udder must be large enough to make and hold the milk that is 
produced , cows with small udders cannot be high producers Next to size, 
the quality of the udder is important. The udder consists of glandular 
secreting tissue, ducts, storage reservoirs, and connective tissue. The 
connective tissue tends to give the udder a hard texture, while the ducts 
and reservoirs produce a soft texture. Large udders consisting largely of 
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connective tissue are hard to the touch and of poor quality Such udders 
are not capable of producing large amounts of milk Good quality udders 
collapse” followng milking, while poor quality udders change but little 
either in shape or texture following the removal of milk Udders or parts 
of udders that have been severely infected with mastitis develop large 
lumps This IS due to the secretory tissue being replaced by hard connective 
tissue 

The shape of the udder is important for three reasons The correctly 
shaped udder has greater capacity than many of the poorly shaped types 
A properly shaped and attached udder is not so subject to injury from 
various causes as a pendulous type, and the correctly shaped udder adds 
greatly to the beauty of the animal 

The desirably shaped udder is long and wide, and has a level udder 
floor When both the fore and rear attachments are strong, this t>pe of 
udder will have the greatest capacity and refrain from breaking down to 
become pendulous 

For convenience in milking, the teats should be of convenient size and 
placed squarely on the udder Large tortuous milk veins extending far 
fonvard and entering the chest cavity through large milk wells are con- 
sidered indications of good producing ability Nearly all high producing 
cows possess these qualities, but not all cows with the desirable veining 
are capable of high production 

Defects in shapes of udders There are many types of defects m the 
^apes of udders The more common of these defects are illustrated in 
Figure 46 

An udder that is lacking m size and quality, regardless of shape, is to be 
avoided, notwithstanding what other qualities the animal may possess, 

It IS impossible to obtain much milk from a small udder lackintr m 
quality 

"Fhe pendulous udder should also be avoided, since such udders are 
subject to injuries A pendulous udder may receive bruises from objects 
over which the cow may pass, from stnking the legs in walking or running, 
horn being stepped on in arising, and in various other ways These injuries 
uot only result m inconvenience m milking but may also be the prcdispos- 
^ug factor for mastitis, a disease that causes great financial loss to dairymen 
Funnel shaped, quartered, and unbalanced udders not onlj detract 
rom the appearance of the cow, but such udders do not possess the 
capacities they would have if these defects were not present 
General appearance Breed t^pe Conformity to breed characteristics, 
s>’mmetry of form, and beauty come under this heading These arc not 
essential for high production, for many great producers have lacked 
l^teriallj m these qualities, but high production and beaut) of form may 
, combined, as shown b> the fact that many of the high producers have 
o been show ring winners (Fig 47) 

Symmetrical blending oj all the parts Straight and strong top lines, long, 

C'cl, and wide rump, a square tail setting, straight legs, erect carnage, 
st)lish appearance arc important considerations in the S)mmctncal 
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blending of all the parts For special breed requirements, see the score 
cards given at the ends of the chapters treating of the vanous breeds 
Dairy heifers Type is not so reliable or satisfactory a basis for selecting 
young heifers as it is for selecting older and mature cows Many changes 
take place in the conformation of animals with growth, and these changes 
may be for improvement or otherwise The different body parts of the 
young animal have quite different proportions from those of the mature 
animal, and this fact must be taken into consideration when such an 
animal is evaluated The legs are proportionately longer, the body more 
narrow and shallow, and the mammary development rudimentary (See 
Chapter 28, “Growth and Development ”) After making allowance for 
body proportions for the age, the same points are desired m the heifer as 
for the mature animal Allowance should also be made for more fleshing 
in young stock than is tolerated in mature milking cows 

Many people believe there is good correlation between the degree of 
mammary development of the heifer and milk production when mature 
It IS also commonly believed that the placement of teats and the shape of 
the udder on the heifer are good indications of the shape of the udder 
when mature While there is little experimental evidence available per- 
taining to these points, the validity of either one is to be questioned The 
udder of the heifer consists almost entirely of fatty and connective tissues 
into which the glandular tissue develops (See Chapter 31, “The Cow’s 
Udder — Its Structure and Development “) The shape of the developed 
udder is dependent upon the direction the growth of the ducts and 
glandular tissue takes 

The extent of the glandular development in each of the four quarters 
in the growing heifers probably is a fair criterion of the size the udder 
will ultimately attain, but not of its shape The glandular tissue can be 
palpated as more or less solid masses extending upward from each teat 
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DAMENTAL CONSIDERATIONS 
OF HEREDITY 


IMPORTANCE OF HEREDITY 

The amount of milk and fat a cow produces is dependent 
upon t\vo groups of factors (I) inherited capacity for production, and 
(2) the environmental factors, such as feed and care While a good* cow 
may be fed and cared for in such a way that she wll produce poorly, no 
amount of feed or care Avill make a high producer out of a cow ^vhIch 
lacks the proper hereditary factors for a high production 
All the known hereditary factors behave according to definite la^vs The 
science which deals with these laws and heredity m general is known as 
genetics To properly understand the inhcntance of any character or group 
of characters one must become familiar with certain fundamental con- 
siderations, which may be divided into two groups namely, those which 
oeal With the physical basis of inhcntance, and those which deal with the 
laws governmg inheritance A knowledge of these fundamental consider- 
ations will help materially in understanding the problems encountered m 
the breeding of dairy catde 

PHYSICAL BASIS 

The body cell The cell is the structural unit of all body tissues It is 
microscopic in size, and differs in shape and composition in the various 
tissues of the body The structure is complicated, but only one of the 
component parts, the nucleus, wU be discussed here 
Since the nucleus contains all the factors involved m inheritance, a 
nowledge of the structure of the nucleus and its component parts is 
pertinent to this discussion All cells capable of reproducing themselves 
3re alike m that each possesses a nucleus that in turn governs the repro- 
uction of cells (Unnucleated cells, like the red blood cells and certain 
hlood cells, originate from nucleated cells ) 

The nucleus of the cell m the bovine is exceedingly small, yet it is made 
of a number of complicated structures The structures that we are 
concerned with from the standpoint of inhcntance are known as chromo- 
somes These carry all the hereditary factors In all bod> cells the chromo 
^mes are found in pairs For a cow it is now bclie\ ed that there arc 30 
chromosomes, one of each pair onginating from the sire and the 
® her from the dam Each chromosome is further div ided into parts known 
genes The gene is the unit of heredity , each gene is responsible for a 
^meter or part of one or more characters (Fig 48 ) 
j cells Earl> in the cmbrjological development certain cells arc 
* creniiatcd from the rest of the body for reproduction For the male 
195 
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Fig 48 A schematic represenlalion of the body cell Attention is called to 
Its complexity and the foct that the foctors for hered ty ore locoted m the 
nucleus 


they come to be located in the testes and for the female m the 
These cells are like other bod> cells in that they are nucleated and have 
chromosomes in pairs In the process of maturing, however, two imporwnt 
physiological changes take place in the development of the sex cells One 
IS an increase in the number of the reproductive cells, and the 
process of reducing the number of chromosomes from the paired condition 
to the single condition in which they are found in the mature sex c» li or 
gamete, as it is commonly referred to in genetics The process in the female 
is knoivn as oogenesis and in the male as spermatogenesis 

Oogenesis Oogenesis is illustrated by diagram in Figure 49 An im 
portant point in this process is the reduction in the chromosome numbers, 
effected by casting off half of the chromosome in what is known as a 
polar body In the casting off of these chromosomes the chances are even 
as to which one of a pair of chromosomes will be retained and which wiU 
be cast off 

Spermatogenesis The mature male gamete is like the egg m that u 
has the chromosome in the single condition rather than the double con 
dition found m the body cells The process, illustrated in Figure 49, 
differs from oogenesis m that in the last stage the reduction of chromosome 
numbers is effected by dividing to form two male gametes, each one getting 
one of each pair of chromosomes 

Fertilization The union of the male gamete and the female gamete 
known as fertilization and the rcsulUng body from the union is known as 
a zygote The zygote differs from cither one of the gametes by having 
the chromosomes in pairs one of each pair commg from the female ana 
one from the male Neither of the gametes has the power of multiplying 
but the zygote has this power, and cell multiplication goes on rapia^y 
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'vhen It IS implanted m the endometnum of the uterus The z>gote first 
divides to form two cells, these divide in two for the four cell stage, the 
four cells for the eight cell, the eight cells for the sixteen, and so on In 
each division the chromosomes divide first, so that all new cells have the 
same chromosome numbers as the parent cell 

Summary Briefly recapitulating the chief factors for the basis of 
«eredit> we have 

1 Bod> cells capable of dividing or producing other cells have a nucleus 
containing chromosomes that arc paired 
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2 The chromosomes carr> hereditary bctors in the genes of which they arc 
composed 

3 The sex celts or male and female gametes arc the result of a process in 
which the chromosome numbers arc reduced to one half of that which is 
t> pical for the body cells 

4 In fertilization the male and female gametes unite to form one cell, the 
zygote, m which the chromosomes arc again present in pairs One of each 
pair of chromosomes comes from the male parent and one from the fe 
male 

5 The zjgotc divides and redivides until a new individual is formed and the 
c)clc begins over again 

UWS GOVERNING INHERITANCE 

The Mendehan Inheritance or Mendelism The first cxpenmental 
work on inheritance was conducted by Gregor Mendel, an Austrian monk 
who studied the inheritance of seven different characters in peas The 
term Mendehan Inherttance, commonly used in genetics, gets its name from 
Mendel ^^^ule his work was published m 1866, no attention was paid to 
It until 1900 when his laws were rediscovered by a number of men Ge- 
netics as a science, therefore, dates from the >ear 1900 A number of the 
fundamental pnnaples of inheritance that Mendel advanced still hold 
Some have been ratified as new dtscovenes have been made To under- 
stand the nature of inheniance one must become familiar iwth these 
fundamental principles, a discussion of which is given m the following 
paragraphs 

Dominance, recessiveness, and epistasis When a gene expresses 
Itself and completely prevents the expression of its allelomorph, it is said 
to be dominant, and the gene that it is dominant to is said to be recessive 
If a gene expresses itself completely over another gene located in a different 
position in the chromosome or in some other chromosome it is said to be 
epistahc The difference between epistasis and dominance is not alwaj'S 
recognized Black is usually said to be dominant to red when more prob 
ably It IS epistatic to red 

^Vhlle Mendel claimed that all characters behave as dommant and 
recessive, there may be partial dominance or intermediate inheritance or 
even cumulative inheritance There is no positive intermediate mheritance 
in cattle In plants, however, this type of inhentancc is quite common A 
red snapdragon crossed with an ivory snapdragon produces Fis (the first 
filial generation) that has pink flowers Cumulative or blending in- 
heritance is that type of inheritance in which each of the allelomorphic 
genes contribute a portion toward the expression of a character Some 
people believe that this type of inhentancc is important in milk produc 
tion 

Unit character Mendel believed that each character was the expres- 
sion of a single factor, but it is now known that, in the main, from several 
to many factors or genes are required for the expression of a single char 
acter Apparently the character “SelT’ (solid color) is due to but one gene, 
but to produce the color pattern of the Holstein several genes are needed 
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The inheritance of milk production maj require a score or more genes, 
as IS also the case with size, vigor, and a number of other much desued 
characters 

Illustration of inheritance Most of the fundamental laws of in- 
heritance can be illustrated in a cross of Holstcins and Red Polls for tivo 
generations The Holstein is black with white spotting and has horns, the 
Red Poll IS of solid color, red, and hornless All FiS, or first filial generation, 
are hornless, solid colored, and black If the F,s are crossed among them- 
selves to produce the Fjs, or second generation, it takes 64 animals, on 
the average, to bring out all the possible genetic combinations of these 
three characters These \\ili be distributed as follows 

27 black, solid color, and hornless 
9 black, solid color, and horned 
9 black, spotted, and hornless 
9 red, solid color, and hornless 
3 black, spotted, and horned 
3 red, solid color, and homed 
3 red, spotted, and hornless 
1 red, spotted, and homed 

From Figure 50 it will be noted that the Fis are all black, hornless, and 
of solid color The solid color of the Red Poll is dominant to the white 
spotting of the Holstein, the black of the Holstein is epistaiic to the red 
of the Red Poll, and the hornless condition of the Red Poll is epistatic to 
the horned condition of the Holstein 

Homozygous and heterozygous WTien both members of a pair of 
genes are alike, the condition is knowm as homozygous, and if they are 
different, u is said to be heterozygous The principle of this may be 
illustrated for the characters horned and hornle'sness by letting HH rep- 
resent the hornless condition in the Red Poll, and hh, the horned condi- 
tion in the Holstein Each parent can produce but one type of gamete as 
as this character is concerned For the Red Poll each gamete ^vould 
have the H, and for the Holstem each one would have the h The Fis are 
heterozygous for horns (Hh), but because horalessness is dominant to the 
homed condition, all individuals are like the hornless parent in this 
particular 

Vanation The hope for improvement of livestock by breeding lies m 
fact that there is much variation While the Holstein and the Red 
Poll are homozygous for the respective characters of w hue, spotting, horns, 
hlack, hornlessness, red, and solid color, they are variable for many of 
their other characters The general law governing variauons is illustrated 
in Figure 50, which gives the Fj generation distribution where from two 
parents appearing alike eight different types of offspring are produced The 
factors for milk production are probably more variable in the dairy breeds 
^an the factors for these sample characters illustrated in the Holstein Red 
Poll cross The object of a breeder is to select for homozygosity of the 
desirable characters and thereby eliminate variation 
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Fig 50 Tnhybrid inheritance The offspring possess the dominant characters 
of the parents Offspring from Holstein x Red Polled ore hornless, black, and 
solid of color Their offspring (Fj), however, will be of eight different types, 
m which all the characters of the grandparents (P^) will appear and in nevr 
combinations On the average, 64 individuals are needed to bring out the 
types 


Genotype and phenotype. In order to facilitate discussion it is 
nccessar> to know these two terms and svhat they represent Phenot^T® 
refers to the characteristics of an animal that can be seen, genot>’pe refers 
to the genetic composition of the animal, part of which is expressed in the 
phenotype The phenotype for the three characters, horns, black, and 
spotted condition, in the Holstein is the same as the genotype In the Fi 
generation of the Holstein Red Poll cross, howe\er, both the genotype and 
the phenotype contain the recessive for these three characters The geno- 
type of an individual can be determmed only through the charactenstics 
observed in the offspring This fundamental conception can be put to 
practical use in studying the genotype of the breeding animals 
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H> brid and hybrid ratios H> brid refers to heterozygous individuals 
and IS commonly used to designate animals from parents of different 
breeds A monohybrid is one A\ith only one factor difference, such as 
horns and hornlessness When one factor is based upon dominance and 
recessiveness, it takes an average of four individuals to bring out all of 
the two types that will result A cross of the Fjs with each other produces 
horns to the hornless condition in the ration of 3 to 1 Of these, one is 
homozygous for hornlessness, two are heterozygous, and therefore horn- 
less, and one is homozygous for horns 
A dihybrid is one in which two factor pairs are involved Here it takes 
16 individuals to bring out the four types, one of which will be double 
recessive for both factor pairs Crossing a red hornless individual with a 
black horned individual, there will be 

9 black and hornless (one of which is homozygous 
for both pairs of factors) 

3 black and horned 
3 red and hornless 
1 red and horned 

A tnhybnd ratio has been illustrated in the consideration of the three 
sets of allelomorphs in the Holstein-Red Poll cross With an increasing 
number of factors involved the complexity increases m geometric pro- 
portions For four factor differences it requires, on the average, 256 indi- 
viduals to get out all possible combinations Some believe that as many 
as 18 factor pairs are involved in the inheritance of milk and butterfat 
production, in that case, the possibility of an infinite number of recom- 
binations exists 

Linkage Linkage in inheritance exists when one gene goes with 
another one in the same chromosome If genes are Imked, the characters 
for which such genes are responsible appear together In cattle only one 
linkage of characters is now known and that is in connection with the 
'vhite heifer disease, a case of sterility which is associated wth the in- 
heritance of white color In plants many linkages are known, and ad- 
vantages are taken of this information in breeding In human beings color 
blindness and hemophilia are each Imked with sex The linking of charac- 
ters in dairy cattle might be very helpful in the breeding program 
Acquired characters It has been commonly believed by the laity 
that inheritable characters could be acquired , thus, for example, pregnant 
mares \vere trotted on the race track in order to insure racing ability to 
the colt Extensive expenmentation, however, has shovvn that characters 
cannot be acquired m that way The germ plasm is set aside from the 
somatoplasm or body cells and is not dependent on it or influenced by 
tt The docking of the tails of sheep has been done for many generations 
'vithout affecting the inheritance of that part of the anatomy 

Mutations. To what extent mutations have played a part in the in- 
heritance of cattle IS not known Undoubtedly there are many cases where 
me mhentance has been influenced by mutations of one kind or another. 
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Fig 50 Tnhybrid inheritance The offspring possess ihe dominant character 
of the parents Offspring from Holstein x Red Polled are hornless, black, and 
solid of color Their offspring (Fj), however, will be of eight different types, 
in which all the characters of the grandparents (P,) will appear and m 
combinations On the average, 64 individuals are needed to bring out the 
types 


Genotype and phenotype In order to facilitate discussion it is 
necessary to know these two terms and what they represent Phenot^'pe 
refers to the characteristics of an animal that can seen, genotj-pc 
to the genetic composition of the animal, part of which is expressed in the 
phenot>-pe The phenotype for the three characters, horns, black, and 
spotted condition, m the Holstein is the same as the genotype In the Ti 
generation of the Holstein Red Poll cross, however, both the genot>'pe and 
the phcnot>'pc contain the recessive for these three characters The geno- 
tv-pc of an individual can be determined only through the characteristics 
observed in the offspring This fundamental conception can be put to 
practical use in studying the genotype of the breeding animals 
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MEASURES OF THE GENETIC MAKEUP 


The old adage that like begets like is only partially true It is 
common knowledge that characters may appear m the offspring that ivere 
not apparent in either one of the parents The red and white Holstem from 
black and white parents and the horned offspring from hornless parents 
are examples of this phenomenon While not much is defimtely knoivn 
about the inheritance of the capacity to produce milk, except that there 
are man> factors involved, it is apparent that here, too, the offspnng may 
vary widely from the production capacity of the dam and the calculated 
production level of the sire The offsprmg raa> be inferior or superior to 
either or both of the parents In the light of modern genetics such behavior 
can be explamed on the basis of a heterozygous condition of the parents, 
permitting a recombination of factors in the offspnng Such recombination 
of many factors may account for wide ranges of variations This can be 
illustrated by considering three of the many factor pairs involved in the 
inheritance of the capacity to produce milk, making the following assump- 
tions 

1 The genes are dominant and recessive 

2 A, B, C represent the dominant genes, and a, b, c represent the corre- 
sponding recessive genes 

3 Each parent is heterozygous for two pairs of genes, and double 
recessive for one pair 

4 The double recessive condition is for a different pair of genes in the 
two parents 

The genetic makeup of the two parents for the three factor pairs is 
I’cpresented 

Aa Aa 

Bb bb 

cc Cc 


Each parent can produce four different gametes ABc, Abe, aBc, and 
sbe by one parent, and AbC, Abe, abC, and abc by the other If the first 
gametes listed for each parent unite, the resulting individual will have 
^be composition AA, Bb, Cc, or a higher production capacity than either 
parent If the last gametes listed for the two parents unite, the resulting 
mdividual will have the composition aa, bb, cc, or a much lower produc- 
Opacity than either parent 

The object of the breeder of dairy cattle is to produce animals that arc 
homozjgous for all the desirable characters, and to approach such an 
he must know not only the phenot)^^ but also the genot>-pe of the 
201 
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There are several cases on record of albino cattle, the appearance of which 
can best be explained b> a mutation of the chromosomes or of the genes 
carrying the color factor Hornlessncss also is a mutation and has come 
in spontaneously in herds that were homed Very little is definitely knovm 
about the effects of mutation on the important practical character of dairy 
cattle 

With an understandmg of these fundamental principles concenung the 
physical basis for inheritance and these general laws governing the nature 
of inheritance one will be better able to understand the reasons for the 
observed differences in cattle and why apparently new types can spring 
from old ones 
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the case with lower production This is accounted for b> the probability 
that extremely high production is a result of a fortunate combination 
of factors coming from both the sire and the dam, and that such an indi- 
vidual would be more heterozygous than one with lower production 
records While the selection of breeding stock from dams with high pro- 
duction records has aided materially in improving dairy cattle, it falls far 
short of accomplishing what might be accomplished through the use of 
better methods in evaluating the breeding stock on the basis of its genetic 
makeup 

Progeny test. The most reliable means of determining the genetic 
makeup of an animal is through the performance of the progeny of such 
an animal If the progeny test is to be significant, two important con- 
siderations must be taken into account first, the proper matmgs must be 
made, and second, there must be sufficient numbers of the progeny to 
bring out the factor combinations Progeny from distantly related parents 
are not so reliable in indicating the genetic makeup of the parents as are 
progeny from parents of closer relationship For the inhentance of a 
complex character like milk production, at least, distantly related parents 
arc more likely to ha\e factors for high production in different chromo- 
somes, and these factors will have a tendency to dovetail or complement 
one another in such a way that the daughters will be higher milk producers 
than the dam, and also more heterozygous Breeders have observed in- 
creased milk production from the crossing of certain strains, and refer to 
this phenomenon as “nicking ” The geneticist recognizes the soundness of 
this hypothesis, and has applied the term “heterosis’* to the phenomenon 

The effects of heterosis are recognized in crossbreeding, the offspring 
usually being much more vigorous than cither one of the parents It is, 
therefore, evident that mating distantly related parents may not be a test 
of the genetic makeup of these parents High producing daughters from 
^ cow may also owe their inhentance to the sire, who may be unusually 
prepotent, therefore, in order to properly evaluate the genetic makeup of 
a cow, something should be known about the sire, in regard to his in- 
hentance for milk production Furthermore, the records of daughters by 
different sires are of more significance than those of daughters from the 
same sire Since the bull’s daughters are usually out of different cows, there 
IS no great danger of falling into this error in using the progeny to evaluate 
bis genetic makeup, but the effect of heterosis is equally dangerous m 
confusing the evaluation of the genetic makeup of the sire Undoubtedly 
when a bull has proved to be a sire of good production in one herd and 
fails in another, heterosis is the basis for the difference The herd w here he 
was recognized as a sire of high production had the genes for production 
that would complement or "nick” -with the genes that he possessed and 
thus result in a factorial combination in the offspring for high milk pro- 
duction, while the other herd did not 

Backcrossing Since the parents and other offspring are likely to ha\e 
the same genes m common, a better test for the genetic makeup of an 
animal is to backcross , that is, to breed back the sons to their dams, or the 
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Ftg 51 This is cn arrow chort, a convenient device for comparing the per* 
formance of the daughters of a bull with that of their doms 


breeding animals The problem, therefore, is one of ascertaining the geno 
type, the measures for doing this arc discussed in the following pages 
Production record of the dam In the past the milk and butterfat 
record of the individual, if a conv, or of the individual’s dam, if a heifer or a 
bull, has been the chief entenon in evaluating such an animal for breeding 
purposes The milk or butterfat production record of a cow is a phenotjpic 
charactc: — the same as black and while color — and it does not necess^y 
represent the genetic makeup As the black and white animal may possess 
factors for red, so the high milk production record cow may possess factors 
for low production Because of this the offspring from high produemg cows 
may be quite mediocre A study of this phenomenon has given rise to a 
law, first propounded by Gallon, which is knowm as the Law of Regression 
This law shows that the tendency is for offspring from extreme parents to 
deviate from such parents toward the average of the population Gowen, 
studying correlation between daughter and dam, found that the Law of 
Regression applies to the inheritance of milk production This fact is 
illustrated in Figure 48 Due to the large number of animals involved the 
lines in this chart arc straight Depending upon the degree of heterozy- 
gosity present in the parents, individuals deviate inarkedl> from the aver- 
age Special note should be made of the fact that for cxtremel) high 
production, the daughters dc\ late more markedl> from their dams than is 




Fig. 52. Milk yield of dams and average yield of their daughters. 
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daughters to their sires When so doing* there is one clnnce m four that a 
reccssiNc gene present m both parents and offspring sviH manifest itself m 
the Fss as a double rccessne Inasmuch as onI> ever) other one of the 
offspring will receive the recessive gene from a heterozygous parent, only 
one out of eight of the Tjs vv ill have a double reccssiv c and thus express a 
recessive character Thus, if a Holstein bull is suspected of carrying a 
recessive gene for red and is bickcrossed to his diughters, an average of 
one out of eight of the calves will be red and white This emphasizes the 
need for sufficient numlicr of offspring to prove the genetic makeup of any 
one animal Tor a complex character such as milk production, where a 
large number of genes is required for the expression of the character, not 
so many progeny are needed to determine whether or not the animal is 
highly heterozygous If the animal is highly heterozygous, the chances arc 
that the Fjs will receive a number of recessive genes and will be infcnor to 
the parents from the standpoint of milk production 
Tlie ideal test TTic ideal test for the genetic makeup of an animal 
would be the mating of such an animal to one that is double recessive for 
all the characters desired Thus, to prove whether or not a Holstein cames 
the recessive red factor, a cross vsath a red animal would require only an 
average of two progeny to bring out that character Fora test of heterozy- 
gosity for milk production, securing a double recessive animal for the genes 
involved would be difficult Undoubtedly, beef animals arc lacking maten- 
ally m factors for milk production, but m crossing a beef animal with a 
dairy animal other complications are introduced The beef animal un 
doubtedly possesses large numbers of genes that are dominant and that 
arc involved m the expression of the character "beefiness ’* In a cross 
with a dairy animal it seems reasonable to believe that there would be a 
conflict for expression between the genes for milk production and for beef 
production, and thus the resulting individual would be a test neither for 
the genetic makeup of the beef animal nor for that of the dairy animal 
It would seem that the best test animal for the genetic makeup for milk 
production would be one within the same breed that lacks, in so far as can 
possibly be ascertained, genes for the expression of aff the characters that 
go to make up milk production 

Limitations Complete analysis of the genetic makeup of cattle is 
impossible because of the length of the reproduction cycle and the few 
numbers of offspring from a cow By the time a record on the progeny 
from a cow could be obtained, the cow would be about six years of age 
Also, the average of five offspring from a cow would be a good number 
While a satisfactory number of daughters can be obtained from a bull, 
the results are partly obscured by the inability to secure the necessary 
information on the genetic makeup of the cows to which he is mated 

Pedigree The pedigree in its original meaning is simply an extended 
record of the ancestry, in that sense any animal could have a pedigree 
Among dairy cattle breeders, however, a pedigree is limited to the pure- 
breds, and sometimes purebreds are referred to as pedigreed stock Then 
too, the pedigrees, in addition to being mere tabulations of the ancestry. 



208 


DAIRY SCIE^CE, SECOND EDITION 


of management that has been used m making the records If the animals 
have been forced and given the best of “Official Test” care, a higher 
production should be expected than if ordinary care has been given the 
animals while on test Then, if all the information is available, if all the 
offspring of the parents of the two first generations have been tested, and 
if there are sufficient numbers of such offspring from each of the parents 
— say, three daughters from the cows and 20 daughters from the bull — 
analysts of the information given should give a reasonably accurate indica- 
tion of what the probable production inheritance is of the animal m 
question In addition to the listing of production records in the pedigree, 
the type of the individuals may be indicated by its show nng performance 
or by Its type rating 

Bull index In recent years several attempts have been made to 
evaluate the genetic makeup of a bull m the form of the so-called “Bull 
Index ” The idea behind the bull index is that by considcnng the per- 
formance of the progeny and their dams, a figure can be arrived at that 
will be indicative of the milk production transmitting powers of a bull 
In all, about ten such indexes have been proposed, each one varying in 
detail The Mount Hope index, having been greatly publicized, is perhaps 
the best known This is based upon the result of crossbreeding work 
conducted at the Maine Station Tbe index for milk and fat percentage is 
determined by the use of two different formulae For the Mount Hope 
index, as well as all other bull indexes, the yearly milk record must be 
calculated to a mature equivalent This also must be done with butterfat 
production 

Mount Hope index — milk Compute the average mature equivalent of 
the milk production of all the daughters of a bull and also the average 
mature equivalent of the milk production of the dams of these daughters, 
and take the difference between these averages 

If the daughters’ average exceed the dams’ average, add three-sevenths 
(or 4286) of the difference to the daughters’ average to get the bull’s milk 
index figure 

If the daughters’ average vs less than the dams’ average, subtract seven- 
thirds (or 2 333) of the difference from the daughters’ average to get the 
bull’s milk index figure 

Mount Hope index — bulterjat per cent The index for percentage of butter- 
fat IS obtained by similar operations, but with different fractions 

If the daughters’ butterfat average pereentage exceeds the dams’ butter- 
fat average percentage, add three h^ves (or 1 5) of the difference to the 
daughters’ average to get the bull’s butterfat index 

If the daughters’ average is less than the dams’ average, subtract two- 
thirds (or 6667) of the difference from the daughters’ average to get the 
bull’s index 

The Holstein Friesian Associationindex ThcHolstcm Friesian Association 
calculates the bull index for all bulls havmg daughter-dam pairs with herd 
test records The index is known as an “equal parent index” and is based 
upon the formula 
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Bull’s index = dams* average -J- 2 (daughters’ average — dams* average) 

The same formula is used for both milk production and fat percentage. 

Gifford index. This index, which bears the name of its author, disregards 
the dams’ production. The index is merely an arithmetical average of the 
daughters’ records computed to a mature basis. 

Criticisms oj the bull index. By the use of the Mount Hope index, hulls 
have been found to have a negative index. In case of equal parent index 
this situation is possible but not so likely, as the daughters would have to 
average less than one-half the production of their dams in order to secure 
values less than zero. The values for the same bull may vary greatly, 
depending upon whether the Mount Hope, Holstein-Friesian, or the 
Gifford indexes are used. If the daughters are lower producers than their 
dams, the Mount Hope index gives the lowest values and the Gifford index 
the highest values. If the daughters* exceed the dams’, these indexes 
arrange in a different order. 

Aside from the Gifford index, all bull indexes are based upon the as- 
sumption that the production record of a cow is an accurate measure of 
her transmission ability. This is definitely not so, as has been shown 
previously. The high producing cows are likely to have a favorable com- 
bination of factors for high production which have small chances for 
transmission to the offspring. 

Another assumption that lacks proof in its support is that of cumulative 
inheritance. ^Vork done at the Minnesota Station and elsewhere has shown 
that the index secured for a bull upon a limited number of his daughters 
may be very materially different from the index for the same bull derived 
from another set of daughter-dam pairs. This is what would be expected 
upon consideration of the fundamentals of inheritance. If the factors 
responsible for milk production are dominant (and there are good reasons 
to believe that they are), then the Gifford index or the mere arithmetic 
average of the bull’s daughters would be indicative of his potential level 
of prt^uction. Studies at the Minnesota Station seemed to support this. 
No correlation was found between the dam’s records and the daughters* 
records from the same bulls, when the bulls were apparently of as high or 
higher inheritance than that of the dams. If the h>pothesis of dominance 
and recessiveness is true, the arithmetical average of the daughters as an 
index of the bull’s would be in error when the dam possessed a higher level 
of inheritance than the bull. Positive conclusion as to the value of bull 
indexes in evaluating bulls must be withheld until more conv’incing in- 
formation is at hand. In the xneaniime, the breeder should have an open 
mind toward the bull index, but should not depend too much upon it in 
giving direction to his breeding program. 

The breeder of today must familiarize himself with all that is known 
about inheritance of characters in dairy catdc, learn how to test his herd 
for their genetic makeup, and use the system of breeding that is best 
adapted to his needs. Dej^nding alone upon any one formula or single 
set of factors to give direction to the breeding program where inheritance 
is apparently so compic-x as in dair>' cattle, is fraught with great danger. 



Chapter 23 

KNOWN INHERITED CHARACTERISTICS 
IN DAIRY CATTLE 




While as yet comparatively little is known about inheritance in 
cattle, there are a number of characters the nature of the inheritance of 
which IS known Many of these characters are of economic importance, 
while others are mainly of interest for what they may contribute to the 
general knowledge of inheritance A consideration of the more important 
of the known inherited characters of dairy cattle is essential for one m- 
terested in the breeding of dairy cattle The value of a knowledge of the 
nature of the inheritance of the characteristics that are of economic im 
portance is obvious A knowledge of the nature of the inheritance of 
characters not of economic importance finds value m that it contnbutcs to 
one’s concept of how inheritance behaves in cattle The characters for 
which the nature of the inheritance is more or less known fall into the 
following groups 

1 Inheritance of color 

2 Inheritance of miscellaneous characters 

3 Inheritance of lethal factors 

4 Inheritance of characters affecting production 

INHERtTANCE OF COLOR » 

The inheritance of color in cattle is governed by a large number of 
factors These can be grouped into two classes namely, a group of factors 
that influence the pigmentation of the hair, and a group of factors that 
influence the color pattern 

Factors that influence pigmentation In cattle there are all degrees of 
shades of color, ranging from a jet black down to white, which is a com- 
plete absence of color pigment These colors and shades arc due to several 
different types of inheritance These types of inheritances may be divided 
into four different groups, as follows 

1 Where the darker color is dominant or cpistatic to the lighter color 

2 Where the darker color is inhibited from showing even though a gene 
for such a color may be present 

3 \V here there is a mixture of iv\o or more colors 

4 \\ here the mechanism for color production is losL 

Domtnance oj darker colors Unless there arc other interfering fictors, the 
rule IS that the darker color is dominant or cpmatic to the lighter color 

‘Tie paper Cmtlt Inher loner t Color bylb»cn Gcncuc»18 441—450 1933 bar been 
draMn u^n for Mcwpoinu of color lahcnUncc. 
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Thus, the red of the Red Poll is dominant to the yellow of the Jersey or 
Guernsey, and the black of the Angus or Galloway is dominant to the red 
of the Red Poll 

Factors inhibiting darker colors Failure of a darker color to express itself 
even though it is present in the genetic makeup of an animal is observed 
m many cases It may take form m a complete suppression of color m parts 
of the body or the entire body, or it may lighten the coat color in various 
degrees Dominant white spotting, to be discussed under color patterns, 
may be considered as one form of complete suppression of pigment m 
certain areas of the body The black West Highland cattle of England 
become dun in the presence of a dilution factor (D), which acts upon the 
black to make it several shades lighter A similar factor is found to act 
upon the red of the Hereford to dilute it to a yellow ^ In the Jersey, Ayr- 
shire, and Guernsey there is an mtensity factor (I) which, when present, 
mtensifies the color or makes it darker The recessive (i) might be said m 
all probability to dilute the intense black of the Holstem and Angus In 
the Ayrshire and Jersey there is a peculiar modifying factor (ML) of the 
black spotting (Bs) This factor intensifies the black color M, representing 
much black, is dominant m the male, and L, representmg htde black, 
is dominant m the female Thus a male of ML composition is black, and 
a female of that composition is red The black females are homozygous 
for M There are many other factors influencing the degree of pigmenta- 
tion in cattle Later work, undoubtedly, will bring to light many factors 
mfluenemg this phenomenon 

Mixture oj color There are some cases where two colors may appear 
m the same animal While this is also considered under color pattern, it 
must be mentioned here since it affects the degree of pigmentation of the 
bair The most commonly noticed of these is bnndlmg (Br) This is a 
character manifested by alternating bands of black and red hair The na- 
ture of the mhentance is discussed under color pattern The black spotting 
(Bs) m Ayrshircs and Jerseys permits the black to be expressed upon 
ted In the Guernsey, too, is found a condition where jet black spots of 
Various sizes may appear on the red 

Loss of color-albimsm An interesting mutation is that of a loss of the 
capacity to develop pigment in the hair, skin, and other parts normally 
pigmented This condition produces albinos, of which there are a number 
of cases on record for cattle Experiments with albinos at the University of 
Minnesota have shown that while albinism is due to a single recessive gene 
in the homozygous condition, all other genes for color or color patterns 
fail to express themselves except for a peculiar character referred to as a 
ghost pattern \Vhen the gene for black (B) is present in the albino, a 
pattern of the nature of that aspect for a black and white animal can be 
seen under proper lighting conditions The darker pattern is not caused by 
pigment but is due to a hair structure in which the medulla is absent This 
bair structure absorbs more light than the normal hair with medullas to 
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produce the ghost pattern It is thought that albinism is due to the loss of a 
gene essential for the conversion of tyrosme tnto the pigment * 

Color patterns \Vhile much work has been done m the study of m- 
hentance of color patterns, the final word has not as yet been said on the 
nature of this type of inheritance The general behavior of the major 
features is quite defimtely known, but many of the factors for mmor 
variations are not so \>ell known For discussion, the inheritance of color 
patterns may be divided into four groups 

1 Self (S) and recessive white spotting (s) 

2 Dommant white patterns 

3 Black spotting 

4 Mixed colors 

Each one of these groups has a number of modifying factors which wiU 
be discussed m connection with the mam thesis 
Self and recessive ickile spotting Recessive white spottmg (s) is an allelo- 
morph of self (S) An ammal that is self is solid of color unless there are 
some other modifyang factors present, as is usually the Self is domi- 
nant to r«essivc white spotting The heterozygous self (Ss) animal shows 
the same characters as the homozygous (SS) one For the recessive white 
spottmg to show the animal must be homozygous, and such an animal 
will breed true The Angus, Galloway, and Red Poll arc representative 
examples of the selfed amoial (SS) even though they are modified by a 
dommant inguinal white (In) If this factor is present, white will be found 
m the inguinal region 

Recessive while spottmg is recessive as the name mdicates, and is found 
m the Holstein, Shorthorn, Jersey, Guernsey, and Ayrshire It is re- 
sponsible for the white areas of the body, tongue, nose, Immg of the mouth, 
and white of the eyes and the legs The white areas on the body and legs 
vary greatly m extent This variation is accounted for by a single pair of 
modifiers, little while, Lw Iw Lw is not completely dommant to Iw This 
permits three types of modificauon of the extent of w hitc spotting, depend- 
mg upon the combinations Thus, the Lw Lw amm al will have very little 
white, the Lw lw will have a medium amount of white, and the Iw lw 
animal will have a large amount of white With the natural somatic 
variation, these three will account for all the degrees of white spotung 
that IS obscrv cd The AyTshirc and the Holstem undoubtedly possess both 
of the factors, while the Guernsey and the Jersey possess but the Lw 
A second modify mg factor of recessive v\hitc spotung is known as the 
pigmented leg factor (PI) This factor is responsible for the pigmcntauon 
below the knees, which usually begins at the hoofs and extends upward 
It is also responsible for a spotting about the head Bcmg a dominant gene, 
whenev cr an animal possesses it m cither or both of the chromosome pairs, 
the character w ill be manifested The gene is \ cry common m the AyTshirc 
and Shorthorn, and may be present in some Guernseys and Jerseys. 

t ppT TP Tf v .^V E., Gilmore, L, O » Fncii.J B., a.>d Wivters, L. NL Jour Hcred. 
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Holsteins with the PI factor cannot be registered The small black spots 
sometimes found on the legs of Holsteim are not due to PI factor, but more 
probably to another factor known as the distal leg (Dl) factor 

Dominant while There are at least five dominant white genes in cattle 
All of these will find expression in either a recessive white spotted animal 
or a selfed animal They are the White Park cattle of England (Wp), the 
Hereford pattern (SH), the Dutch Belted (SD), the color-sided pattern 
(SC), and the Inguinal white (In) Of these the SH, the SD, and the SC 
are allelomorphs of the self and recessive white spotting Therefore, only 
two of these genes can be present in any one animal 

The Hereford pattern (SH) is dominant, it produces a white head, feet, 
ventral side of the body, and tip of the tail, and a strip of white of varymg 
size over the shoulder running parallel with the length of the body The 
SH gene may be said to be responsible for both the white and the pig- 
mented part of the pattern It is incompletely dominant to self and com- 
pletely dominant to recessive white spotting A cross of a Hereford with an 
Angus produces an Fj where the white is diminished When the Hereford 
IS crossed with a Holstein, there is no diminution of the white Among the 
Herefords there is a great deal of variation in the amount of white and 
pigmented areas This is accounted for by a number of modifymg factors 
One is the Lw factor, which behaves like the same factor in the Holstein 
Another is the white restrictor (Wr), which restricts the amount of white 
on the dorsal part of the neck and shoulder A third is the red eye (Re) 
which is completely dommant to its recessive (re) , it is responsible for the 
red hair around the eyes 

Dutch Belted (SD) is responsible for the white belt encirclmg the chest 
H IS completely dominant to recessive white spotting and incompletely 
dominant to self A cross of a Dutch Belted with an Angus produces an 
animal with a narrower belt There are, undoubtedly, factors modifymg 
the Dutch Belted pattern, none, however, have been studied sufficiently 
to warrant giving them genetic symbols 

Color sided (Sc) is the factor responsible for a wide white stripe along 
the backbone and another along the belly and brisket, which gives the 
animal the appearance of havmg a stnpe of color along each side There 
IS no purebred American breed possessing this character In Norway, 
however, there are uvo breeds, the Telemarks and the Troenders It is 
also found m the Yak and Zebus This factor is incompletely dominant to 
^If and completely dominant to recessive white spotting 

Inguinal white (In) is a dommant gene, epistatic to self It is responsible 
for the white hairs m the inguinal region In recessive white spotting it 
cannot be ascertained because recessive white spotting usually is respon- 
sible for white m the same region The Holstein, which is homozygous for 
recessive white spotting, possesses this factor, for when the Holstein is 
plated to self animals free from inguinal white the character appears in the 
F,s 

Black spoiling pallerns The inheritance of t\s o black spotting patterns is 
known These are black spotting (Bs) and pigmented skin (Ps) The black 
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Spotting factor is found in the Jersey, A>Tshire, Broivn Swss, and m some 
caises probably the Holstein The black spotting factor manifests itself by 
producing black hair on lighter pigmented areas It also causes black 
pigment in the skm, hoofs, nose, tongue, mouth, and e> es if the animal is 
self As has already been stated, black spotting is dominant and is modified 
by the much black (Si) ivhicb is dominant m the male and produces a 
more intense pigment, and by little black (L) >\hich is dominant m the 
female and produces red 

The pigmented skin factor produces skm spotting inthout pigmentation 
of the hair This factor is dominant and is b«t observed on denuded parts 
of the bod>, such as the nose, however, it may appear on any part of the 
bod) It IS the factor that is responsible for the black nose in Guemse>'S, 
which IS considered undesirable The fact that a Guernsey may have a 
clear nose does not necessarily mean that she is free from the pigmented 
skin factor, because the gene may manifest itself by pigmentation on 
another part of the body This factor is also found in the Shorthorn and 
the Hereford 

The author has also observed jet black spots on the red areas of Guem- 
sc>s The nature of this inhentaocc is not known, but it probably behaves 
as a dommant gene m very much the same way as the black spottmg 
factor The clean-cut demarcation between the black hair and the red 
hair would suggest that it is a diflerent factor than black spottmg (Bs), 
where the black gradually fades out to red 

Mixed colors There are two types of mixed colors, both of which are 
well known and satisfactorily worked out from a genetic viewpoint These 
are the bnndle and the roan Bnndle is a character where narrow stripes 
of black hair show on a background of red Two genes are involved m its 
expression, one is the dominant black spotting (Bs) gene which must be 
present, and the other is the dominant bnndhng (Br) gene The Jerseys 
carry the Bs gene to a large extent but do not possess the Br gene, conse- 
quently, no brindlmg is found m purebred Jerseys The Angus cames the 
Br gene, but it docs not possess the Bs gene , and even if it did, the bnndhng 
would not marufest itself, since they arc selfed for black If Jerseys and 
Angus are crossed, bnndJmg may appear in the Fj generation, one of each 
of the important genes coming from each of the parental types A limited 
amount of bnndhng occurs in the Guernsey s Thu w ould indicate that the 
Guemsev possesses the gene for brmdling and also the black spotting gene 
In the Guernsey the bnndhng is usually confined to ihc head and neck, 
but m scrubs it v\ ill be extended to the entire Ixxly 

Roanmg u a condition where white hair u micnpcrscd with pigmented 
hair If the pigmented hair IS red it is known as red roan If the pigmented 
hair IS black ii is known as blue roan The inhcntance of dm character 
IS quite complex and is not so vvcll known as most of the other color in- 
hcntanccs It is generally agreed upon that factor N u needed, m the 
homozygous condition it pr^uces white by inhibiting the expression of 
red In the double recessive (nn) form the animal v»ill be red In the 
heterozygous <Nn) form the animal will Ik roan Tliat ihis condition is 
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necessary for roanmg is generally agreed upon, however, there are other 
factors which modify the character roanmg which are not so well agreed 
upon 

Ibsen explains the modifying factor tentatively by postulatmg a domi- 
nant roanmg modifier (Rm) which acts upon the heterozygous (Nn) to 
produce a roan The recessive rm rm would produce a red If only the 
heterozygous condition Nn were necessary for roanmg, all matmgs of 
white and red in the Shorthorn breed would be roans, but this is not so 
Ibsen’s postulation would account for the exceptions of red and white 
Shorthorn crosses in producing roans 

Color factors m different breeds The color factors in the different 
breeds are as follows 

Holstein On the basis of what is now known, the color formula for the 
Holstein is as follows 

BB dd II nn ps ps ss Lw Iw pi pi WVV \Vn Wn Wp Wp 
Bb Ps ps Iw Iw 

bb Lw Lw 

The Holstem is variable for pigmented skin where individuals may be 
double rccessives or possess the dommant pigmented skm gene, and for 
the little white modifier of recessive white spotting The Holstem is the 
least variable of any of the dairy breeds m the fundamental color factors 
There is a recessive red Animals having this recessive factor cannot be 
registered, whenever a red and white Holstem calf i!» dropped, it is a loss 
to the breeder of purebred Holsteins 

Jersey On the basis of the present knowledge, the color formula for 
the Jersey is as follows 

bb br br Bs bs ML dd a no SS Lw Lw ^vw Wn Wn wp wp 
Bb LL Dd SS 

MM 

The Jersey is variable for black, as it may be either red or black, for 
black spotting, for black spotting modifier, for dilution, and for self, as 
It may be either solid colored or white spotted and may be variable for 
the recessive white spotting factor (LW) 

Ayrshire The formula for the Ayrshire on the basis of present knowledge 
IS as follows 

Bb Br br Bs bs ML dd II nn Ps ps ss Lw lw PJ pi WW Wn Wn Wp Wp 

bb br br bs bs MM 

bb Br Br Bs Bs LL Ps ps Lw Iw pi pi 

Ps Ps Lw Lw Pi PI 

The Ayrshire is the most variable of the dairy breeds for color genes 
H may be heterozygous for the genes affecting black, bnndlmg, black 
spotting, black spotting modifiers, pigmented skin, recessiv e white spotting 
iiiodifiers and pigmented legs 
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Shorthorn The color formula for the Shorthorn is as follows 
bb bs bs dd II Nn Rm rm Ps ps ss Lw Iw PI pi \V\V IVn Wn wp wp 

nn Rm Rm Ps ps iw Iw PI pi 

NNrm rm Ps Ps LW LW PI PI 

The Shorthorn is variable for the roaning factors (N and Rm), pig 
menled skin, and the recessive white spotting modifier, little white, and 
pigmented leg 

Guernsey The color formula for the Guernsey is as follows 

bb bs bs dd ii nn Ps ps ss Lw Iw PI pi \V\V Wn Wn w-p wp 

Bs bs? ps ps Iw Iw PI pi 

Ps Ps Lw Lw PI pi 

The Guernsey varies in its inheritance of genes for pigmented skm and 
white spottmg modifier Guernseys may, m some cases, possess genes for 
pigmented leg and black spotting 
The variables are 

Ps ps 
Lw lw 

PI pi 
Bs 

Brou^n Siliss, Dutch Belted There is not enough known about cither th* 
Brow'n Swiss or the Dutch Belted to warrant a color formula 

INHERITANCE OF MISCaUNEOUS CHARAaERS 
Horns and hornlessness The nature of the inhentance of the hornless 
condition was one of the first genetic factors worked out for cattle At 
first It was assumed to be a simple Mcndelian dominant recessive phenom- 
enon, m which the hornless condition was completely dominant to the 
horned condition, or a dominant inhibitmg factor More rccentl>, it has 
been showm that the inheritance cannot be cxplamed by a smglc factor, 
for m the Fj’s and Fj’s, scurs often appear Ibsen postulates that all cattle 
are homozygous for horns and that, in addition, Polled cattle carry a 
do mm ant gene (P) which is completely dommant to its recessivie and 

epistatic to the homed condition 'Crosses between homozygous polled and 

horned catde produce mostly polled offspnng, but some (mostly males) are 
either scurred or homed To account for this, Ibsen postulates two other 
genes Ha (African horns) and Sc (scurred) as bemg involved In the male 
Sc Sc or Sc sc is epistatic to P, and all males carrying the factor are scurred 
In the female Sc must be homozygous to be epistatic to P Ha probably 
behaves similarly Males carrying P arc homed whether they arc homo- 
zygous or heterozygous for Ha 

Notched ears In the Ayrshire and Jersey breeds a condiDon of a 
notch of varymg sizes in the lower part of the ear has been observed * 

* Whttb A>D Ibsen Jour GexicC 32 33-49 1936 
»Lusn Jour Hcred. 13 8-13 1922 
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From a study of a number of matmgs, it seems to be due to a single Men- 
delian dominant gene Bulls with “notched ears” and apparently hetero 
zygous, transmitted the character to approximately one half of their 
offsprmg 

Night blindness This is a defect found in Shorthorns, which makes 
It impossible for them to see in lights m which other cattle can see per- 
fectly ^ The defect is one which affects the rods and cones of the retma, 
and behaves in such a way as to lead to the conclusion that it is due to a 
single recessive gene 

Umbilical hernia Umbilical hernia has been observed in dairy cattle 
for a long time ^ Not until recently, however, has there been any concerted 
attempt to ascertam the nature of its inheritance The problem has been 
made difficult by the fact that it affects, in the mam, only the males, and 
frequently those that may have the inherited character do not show it, 
because environment is a factor m its expression There can be little 
question that the factor is recessive and that perhaps only one gene is 
involved 

Polydactyly ® Polydactyly is a condition m cattle where more than two 
toes are found While it is not very common, it has been found sufficiently 
often to have made possible a study of its genetics The character is 
recessive and probably only one gene is involved m the expression of the 
character 

Screw tail/ Screw tail or a kmk in the tail is a condition that has been 
observed and studied m the Red Polled cattle It manifests itself by a 
kinkiike condition of the tail which is effected by a fusion of one or more 
pairs of adjacent coccygeal vertebrae It has been shown to behave as a 
simple recessive Mendclian character 

Wry tail * Wry tail, a condition m which the tail is set over to one 
side of the body, has been described in the Jersey This likewise behaves 
as a simple recessive Mendehan character 

Defective teeth * Defective teeth, a hair defect, and several other 
minor characters have been studied, and nearly all of them appear to be 
due to recessive genes 

Udder abnormality ’ An udder abnormality which is inherited as a 
single recessive Mendehan character has been described in the Guernsey 
The udder is usually poorly shaped, is of about equal development on both 
sides, but there is only one teat on the left side 

INHERITANCE OF LETHAL FACTORS 

A lethal, as the name indicates, is a factor that causes death of the 
individual Strictly speaking the lethal should produce death at or before 

‘Crajt Jour Hcrcd 18 215 218 1927 

* Warren and Atkeson Jour Hcred 22 345 352 1931 

* Roberts Jour Hcrcd 12 84-87 1921 

* Knapp, Emmel, AND Ward Jour Hcrcd 27 269-271 1936 

‘ Atkeson and Warren Jour Hcrcd 26 331-334 1935 

•Cole Jour Hcrcd 10 303 1919 

^HEizER.Jour Hcrcd.23 111-114 1932 
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birth Sublcthal should apply to the factors that do not cause death until 
some time after birth At the present time about 25 lethals^ and sublethals 
arc known for cattle This is more than for any other species, and there 
are undoubtedly still more to be discovered Since most lethals arc due 
to a single recessive gene, it is obvious that in the mating of animals 
each possessing the gene, one out of four of the progeny will be affected, 
two Vk ill carry the gene , and one will be free from it The loss in calves in a 
population in which one or more lethal genes arc present can be large 
The more important of the lethal factors will be briefly discussed 

Achondroplasia. There arc three tyjies of achondroplasia, all dealmg 
with some abnormality of the cartilage as it forms bone Flat, long, and 
irregular bones may be involved 

Achondroplasia 1 * Achondroplasia 1 was the first lethal factor to be dis- 
covered m cattle It is also known as “bulldog head” because of the shape 
and size of the head The gene is incompletely dominant In the homo- 
zygous condition the fetus becomes a monster and is usually aborted at 
from three to eight months of gestation In the heterozygous condition 
the legs are shortened The Dexter breed is a heterozygote for this gene In 
mating Dexters one fourth of the offspring are aborted as “bulldog” calves, 
one-half are normal Dexters, and one-fourth are normal legged animals 
known as the Kerry breed The Kerrys breed true but the Dexters split 
into the three phenotypes The gene for achondroplasia has been found 
m Jerseys 

Achondroplasia 2 differs from the other form m that the affected calves 
are usually carried to normal term and may live for a few days There is 
also some difference in the malformation in which the lower jaw protrudes 
beyond the upper jaw The gene is present in the Telemark cattle of 
Norway where it was first described It has also been found in the Hol- 
stein, Jersey, Guernsey, and Ayrshire breeds 

Achondroplasia J * is found in the Jersey breed, having been discovered by 
workers at the California Station in an inbreeding project The heads of 
the affected individuals are short and ivide, the lower jaw protruding, and 
the palate usually is cleft Sometimes the legs are shortened and the pas- 
terns flexed Affected individuals usually die shortly after birth but an 
individual may live up to fourteen months 

Short spine lethal * This condition has been observed only in the 
Opiandske breed of cattle of Norway It is charactenzed by a fusion or 
absence of a number of the vertebrae of the neck, back, and tad, pro- 
ducing an exceedingly short neck and body Other parts of the body 
are normal It behaves as a simple recessive character, since 25 percent of 
the offspring of heterozygous parents arc affected 

Amputated leg lethal * Amputated leg lethal has been found in the 


iShrode, R R andLcsh.J L Adv inGeneucs 1 209-261 1947 
1 VVRiEor AND Mohr Jour Genet 20 187—2)5 1928 

• Mead, S W, Gregory, P W.andRecam W M Jour Hcred 37 183-188 1946 
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Holstein breed of S\Neden It is a complementary gene of the short spine, 
as the bones not affected by the short spine are affected by this factor 
The legs are shortened, and the feet and lower parts are entirely missmg 
The lower jaw is vestigial or entirely missing, and the upper jaw is short- 
ened or curved back under in the position where the lower jaw normally 
would be This, too, behaves as a simple recessive Mendelian character 

Hairless lethal.' Hairless lethal has been reported only m the Holstein 
breed of Scandinavia The calves, born at the normal time, are entirely 
lackmg in hair and live for but a short time Like the other lethals de- 
scribed, It, too, IS apparently due to a simple recessive gene 

Epithelial defect.* The epithelial defect, which is lethal, is manifested 
by a defective epithelium noted at the birth of a calf The skin below the 
knees is denuded, and the mucous hnmg of the nostrils, mouth, tongue, 
palate, and cheeks also is affected One or more of the claws is under- 
developed, and the integuments of the muzzle are defective This condition 
has been described for the Holstein breed m America, and at least one 
Shorthorn calf has been reported that answers to the description of this 
congenital defect* In ail cases where the defect has been known in the 
Holstein breed, the ancestry can be traced back to the bull Sarcastic Lad 
through at least two Imes 

Impacted molars. A lethal has been reported for the Milking Short* 
horn in which the mandible is shortened and the premolars are impacted 
in the jaw bone * The molars arc irregularly placed and the jaw bulges 
or IS broken on the lateral surface The calves are dropped at normal time 
but die durmg the first week This lethal is also due to a simple recessive 
factor 

Additional Lethals. The following are a list of additional lethal or 
sublethal factors that have or seem to have a genetic basis 

Gtimal ankylosis All joints are ossifled to prevent flexion at the joints Found 
in Black and White lowland cattle in Germany 

Ankylosis of loiter jaw The lower jaw is fused with the upper jaw at point of 
articulation Found in Lyndal breed of Norway 

Agnalhra Partial or complete absence of the lower jaw Found in Jerseys in 
the United States 

Hydrocephalus Enlarged skull filled with a fluid, reported in Holsteins m 
hlichigan 

Skull defect The bones in the skull faded to close exposing the brain to trauma 
Jersey, United States 

Micromelia Short legs differing from the amputated leg condiuon Found in 
Russian cattle 

Deformed limbs All legs markedly deformed Found in Friesian cattle m Russia- 

Missing Phalanges One or more of the phalanges absent Found in Si^edish 
cattle 


^ Mour AND Wriedt Jour Genet 19 315—336 1928 

* Hadle.'j and Cole Wis Agr Expt Sla Res Bui 86 1928 

* University of Minnesota 

* Heizer and Hervev Jour Hcrcd 28 183 1937 
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Mummjuation Fetuses mummtiicd m the uterus before birth Found in Danish 
Reds 

Lameness Calves, unable to stand, die in a day or a fesv days after birth Found 
in Red Danish Breed 

Muscle contraclure Spastic contraction of extensor muscles of neck and limbs 
Found in Norwegian, Danish Red, and Holstein breeds 
Closed noslnls Membrane closure of nostnls producing suffocation Found in 
Mountain breed of Croatia 

Aitresia Am The anus is closed Surgical opening does not prevent death 
Found in Indian cattle 

Congenital spasms Found in Jerseys as the result of continued inbreeding 
Congenital dropsy Generalized hydration of the body Found in Suedish breeds 
Sex linked lethal Males afTcctcd die No specific lesions observed Found m 
Angel cattle 

INHERIFANCE OF TWINNING 

There is positive evidence that twinning is an inherited character Ac- 
cording the recent figures, twins represent about onc-half of 1 per cent of 
the calvings, and 1 per cent of the total number of calves The per cent 
of twinning vanes with different breeds In Sweden it is found more 
frequently among the Holsteins than m the Red and White breed, and 
m this country it is much more frequent in the dairy than m the beef 
breeds ^ In the Kansas Station’s Holstein herd the twinning percentage 
was 8 84 per cent, indicating that in this herd the factors for twinning are 
present quite generally Because twinning is not a desirable character m 
cattle, no one has ever bred for this character As a result not much is 
known as to how successful one would be m attempting to establish a herd 
having the twinning character quite general With sheep, where selection 
for this character has been general because of the desirability, flocks have 
been established that have been quite pure for the character 

As environment is an influencing factor in the production of twins, 
the exact nature of the inheritance is not determined Animals that may 
have the factors for twinning may not necessarily produce twins because 
of a number of possible interfering conditions The competition for the 
survival of the implanted embryos is great A cow that may have the m 
heritance for secretion of two or even more ova at each ovulation may 
never cany more than one fetus to normal term because of the many 
hazards encountered 

Formerly it was thought that monozygotic twins rarely if ever occurred 
in cattle It is now well established that identical twins occur with sufficient 
frequency to make their use practical in research work of nearly all kinds 
The frequency of identical twins is not definitely known but estimates arc 
that they occur about once in each one thousand parturitions Hundreds 
of monozygotic cattle twins have been inspected by the author They 
may possess mirror imagery or be alike 

Freemartm When a heifer is a twin to a bull, it is known as a free- 
martin Ninety two per cent of all freemartins are sterile because of the 
‘Johansson Z Zuchtg B Tieizuchtgu Zachtgsbiol 24 I8S-263 1932 



Fig. 54. A set of identical twins of Jersey-Brown Swiss Cross Is pictured here. 

inhibitory effect the embr>onic male hormones have upon the develop- 
ment of the female reproducuvc organs Freemartins, like all twins, are 
much smaller at birth than singletons They average from 70 to 80 per 
cent of the normal Nseights of single-born calves. With freemartins, as 
well as with all twins, about five times as many are stillborn as are single- 
tons They, too, have less vitality; the records show that 12^ per cent of 
twins die as young calves, whereas the average losses for all calves is about 
4 2 per cent, under the same environmental conditions. 

inheritance of factors concerned with production 

There are so many factors involved in inheritance of milk and butterfat 
production that the knowledge as to the nature of the inheritance is 
speculative. The theories concerning the inheritance of milk and butterfat 
production have been evolved largely from circumstantial evidence or 
meager data and must, therefore, be held subject to such changes as new 
evidence may determine. Before considering the theories and what is 
knov\m about these most important characters, it is well to consider the 
physical basis for milk and butterfat production. 

In order to produce milk, the cow must have the mechanism which 
manufactures milk; a large number of factors undoubtedly are involved 
m the development of this mechanism. Then efficient use of the mech- 
anism must be made, and other factors arc necessary for this. Under the 
head of the factors for the development of the mechanism may be con- 
sidered factors influencing the size of the animal, tlie capacity for feed 
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the metabolism of feed, the size of the ud4cr, and the quality of ilic udder 
Factors affecting efficient use of the mechanism may be divided into those 
affecting milk production, fat production, and persistency In addition to 
these considerations the practical dairyman is interested in the inheritance 
of type, longevity, breeding efficiency, and vigor 

Size. A number of people have shown that size is correlated to a certain 
degree with production There is evidence that large animals may not be 
so efficient as some smaller animals, yet there is a limit to the smallness of 
the animal for profitable production In the case of the inheritance for 
size there are so many factors involved that nothing specific about indi- 
vidual factors IS known That size is inherited is supported by a large 
amount of evidence Different breeds arc characterized by differences in 
size, and since all breeds at one time originated from the same common 
ancestry, different factors for size have been retained by different breeds 
m their development 1 he larger breeds must have a number of factor* 
for size that are absent in the smaller breeds The effect of selection for size 
factors is also evidenced in strains and families within the breeds There is 
ample evidence m the records of practical breeding to show that by selec- 
tion people have established strains and families of cattle that arc noted 
for much larger size than is normally found wuhin the breed 

Crossbreeding has furnished a clue as to the possible nature of some 
of the factors involved in size The FiS in crossbreeds where the parents 
vary greatly in size are intermediate, but they tend to be closer to the 
size of the larger parent Thus, a cross of Jersey and Holstein produces 
individuals that are intermediate but more nearly the size of the Holstein 
than of the Jersey 

Inbreeding experiments have commonly resulted m reduced size of 
the inbred animals This fact, together with the fact that m crossbreeding 
the offspring are closer to ihe size of the larger parent than the smaller 
parent, indicates that a number of the factors responsible for size are 
dominant From the larger number of variations in degree of size between 
individuals within a breed and between breeds it is apparent that a large 
number of genes are involved in the inheritance of size 

Capacity for feed Dairy animals vary greatly in their capacity for 
handling feed A portion of the ability to handle large amounts of feed 
can be accredited to development, since animals that have been heavily 
fed will be able to consume more feed than those which have been lighdy 
fed, yet most of the ability to handle feed is due to inheritance The 
differences in the ability of animals to consume roughage is the most 
pronounced At the Minnesota Station vanations in the ability of animals 
to consume roughage were found to be from two and one half to four 
pounds of hay per 100 pounds of Jive weight per day Daughters of one 
bull had uniformly large capacity for handling of roughage regardless of 
their dam’s capacity While no work on the specific inheritance of capacity 
for feed has been reported, such inheritance is probably due to many 
factors, some of which, from the influence observed of one parent upon 
the daughters, would appear to be dominant This variation in the ability 
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of dair> cattle to handle roughage is an important economic factor in the 
breeding of dairy cattle 

Roughage yields more nutrients at a lower cost per acre than do the 
cereals Cows that surpass in their ability to use large amounts of roughage 
have a distinct economic advantage over those that are lacking m this 
respect 

Udder size. A large udder is one of the essential prerequisites for high 
production, although large udder size is not a guarantee of high produc- 
tion Development of the udder is due to the action of hormones, for which 
there are probably several hereditary factors The ultimate size to which 
an udder may be developed by the acuon of these hormones is undoubt- 
edly dependent upon some other inherited factors How many factors are 
concerned in the udder development is not known, nor is the nature of any 
of the factors known In crossbreds of beef and dairy breeds, the udders of 
the Fis are a little larger than half way mtermediate between the two 
parents, this would indicate that at least some of the factors for udder size 
are dominant, although it is possible that the effect of heterosis may be a 
contnbutory factor to the observed fact To offset this, it is possible that 
the beef breeds contribute some factor or factors which inhibit the growth 
and development of the udder 

Quality of udder It is well known that there are great differences 
between individuals in the quality of udders It is also common knowledge 
that the udder of poor quality produces more than does one of poor qual- 
ity The poor quality is due to a relatively large amount of connective 
’issue and a corresponding lesser amount of secretmg tissue Again, the 
nature of the inheritance of “quality of udder” is as >et speculative It has 
been generally observed that there is a tendency for dams with poor 
quality udders to pass this characteristic on to the daughter Bulls axe also 
known to have passed this characteristic on to their daughters Breeders 
'vho have persistently selected for good quality of udders have attained a 
reasonable degree of success, but the slowness with which success is at- 
tained lends support to the contention that the inheritance of quality of 
udder is complex 

Activity of the mxlk making mechanism It is common knowledge 
that cows with large udders of good quality may sometimes be rather 
poor producers 

There are several possible causes, of genetic origin, for the udder to fail 
to secrete the maximum amount of milk per unit of tissue provided the 
nutrient intake is adequate to support higher levels of production One is a 
failure of the endocrine s>stcm to suppl> the necessary hormones in 
optimum amounts Another is the failure of adequate blood supply to the 
gland, a third is the lack of the individual cells to respond to greater 
production, and a fourth is the failure to get all of the milk out at each 
milking 

Endocrine acii\u>,‘ m relation to udder development and milk seerc- 

* ^*-'*^*^E*' W E Recent Progress JQ Hormone Research 2 133-158 1948 
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tion, IS very intricate and complex and far from being fuHy understood 
It IS known, ho\sever, that prolactin, a hormone secreted by the anterior 
pituitary, is essential for milk secretion It has also been demonstrated for 
both cows and goats that production in some animals may be greatly 
increased by injection of prolactin This indicates that secretion of this 
hormone in quantities not sufficient to maintain high activity of the 
secretory tissue is sometimes a factor Goats ^ have been found that in- 
creased milk production up to 262 per cent In cows, many workers have 
obtained increases in milk production following the administration of 
prolactin, including one case in which the author obtained more than 60 
per cent increase For the most part, however, increases m this species 
seldom exceeds 25 per cent and often no augmentation is obtained The 
thyroid is also definitely concerned with maintaining milk secretion, smcc 
ablation * of this gland causes cows to dry off and feeding of thyroxin 
mcreases both milk and fat production In some cases, at least, it would 
appear that lack of inheritance for the secretion of the required amounts of 
thyroid substance is a limiting factor 

It has been shown that about 400 volumes of blood must pass through 
the udder of the cow for each volume of milk produced * Any constriction 
of the vascular s) stem or failure of its optimum development would there- 
fore limit production of milk Ergot, which constricts the vascular system, 
has been shoivn to have a marked depressing effect upon milk secretion It 
is theoretically possible that the individual cells lack the capacity for 
producing optimally regardless of hoiv well they may be supplied with the 
necessary precursors and hormones No evidence as yet exists for support 
or rejection of such a hypothesis 

Failure of the cow to respond to the milking stimulus with a complete 
let-doivn of milk has been demonstrated to be an important (actor in 
fluencing the level of production This is discussed in this chapter, under 
Miihng Factcfs 

Since a definite amount of nutrients is required for any given amount of 
milk of a certain fat percentage, it is evident, too, that the animal must 
have inherited capacity for handhng enough feed to take care of the 
nutrient requirements for production As has been previously stated, lack 
of inheritance for food capacity is frequently the limiting factor for high 
production 

Milk and fat production In general, there are two views as to the 
nature of milk and fat inhcntance One is that there is a large number of 
dominant and recessive hlendelian factors, and the other, supported by a 
number of people is that mdk production is the result of an inheritance 
that IS cumulative this means that each gene of the pair contributes to- 
ward the expression of a character The hypothesis that the majority of 
factors for milk production are dominant finds much support As has been 
previously indicated recessive characters arc easier to establish, for when a 


• AsDELL ComellLniv Agr Espt. Sta. Memoir J98 1936 
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Pig 55 Diagram showing the complex interactions between the age at 
calving, preceding (PCI) and current calving intervals (C C I ), preceding 
(P D P ) and current dry periods (C D P) and the season of calving The line 
of action IS indicated by arrows 


character is expressed, the animal is homozygous for such a character In 
cases where the characters are the result of dominant genes, the undesir- 
able recessive gene may be present, it cannot be ascertained from the type 
of the individual, and can only be described through inspection of the 
progeny 

Experiences that dairymen have had m the mating of heavy producers 
when some of the offsprmg are decidedly inferior to one of the parents, 
would lend support to the hypothesis that the characters for rrnllf produc- 
tion are dominant, and that high producers may cany many recessive 
factors for low production Turner has added more evidence to the proba- 
bility of the dominant-recessive hypothesis ^ After studying the dis- 
tribution of production m mixed breedmg, he postulated that such 
distribution could be accounted for by 18 Mendelian factors acting on the 
basis of dominance and recessivencss Evidence for the cumulative hy- 
pothesis finds support in the observed production as a result of cross- 
breeding * Where beef breeds are crossed with dairy breeds, the Fjs are 
intermediate, with the milk production being nearer the level of the high 
producing parent and the fat percentage nearer the level of the low testing 
parent Crosses of extremes within the dairy breed have not been in- 
tensively studied, but apparently there is some evidence that this too 
results in producuon levels intermediate bet^vecn the two parents With 
the crossbreedmg of beef breeds and dairy breeds, the results can be ques- 
tioned on the basis that, since the beef breeds have factors for beef produc- 
tion which may be epistatic or dominant to the factors for milk and fat 
production, such crosses cannot reveal the true nature of the inheritance 
of factors for milk and fat production It is possible that a combination 
of dominant and recessive factors and cumulative factors are responsible 
for milk and fat production 


* Turner Mo Agr Expt. Sta Res Bui 144 1930 

* Govven Jour Agr Res. 15 1-57 1918 
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More evidence for the support of the dominant hypothesis lies in the 
performance of prepotent sires, where the daughters are invariably of a 
production level that would be more nearly that of the sire At the 
Minnesota Station, no correlation was found between the dam’s record 
and the record of the daughters of such bulls although the dams varied 
materially It would appear that the daughters' inhcntance for production 
had come mainly from the sire This may be explained by postulating 
dominance of the factors for milk production and that the sire was rela- 
tively homozygous There arc also many records of bulls sinng daughters 
whose production levels arc consistently lower than their dam’s This is 
more difficult to explain unless one postulates their possessing dominant 
inhibitory factors 

The only conclusion that can be positively drawn is that the inheritance 
of butterfat and milk production is extremely complex 

Fat percentage. The question of whether fat percentage is an inherited 
character is at the present debatable The fact that different breeds are 
characterized by fairly definite fat content of the milk has lent support to 
the hypothesis that percentage of fat is a definite inherited character Fat 
percentage is merely the ratio of fat to milk, and if it is a definitely m- 
henied character, that which influences one should influence the other to 
the same extent This is not so Certain high fat feeds will increase the 
fat content of milk without affecting the amount of milk The fact that 
with the advance of lactation the daily milk production drops more rapidly 
than the daily fat production, resulting in an increased fat percentage* 
must be taken as evidence against the inheritance of fat percentage An- 
other argument against such an inheritance is based on the well known 
wide daily variations of fat percentage Recent advances m the knowledge 
of the physiology of milk secretion indicate that milk fat is synthesized 
independently of the other ingredients of milk, this should be considered 
as additional evidence opposed to the inheritance of fat percentage as a 
definite character 

Rather than to consider fat percentage as a definite inherited character, 
it viowW seewi wiCTe logical W> coTOidci iVic mhentance of capacilics for 
milk and fat production separately By postulating a few factors affecting 
milk and fat production separately, all the vanations m fat percentage can 
be explained 

Persistency. Persistency, or the ability to maintain a high daily milk 
flow throughout the lactation period, is one of the very important char- 
acters essential for economic production That persistency is an inherited 
character cannot be doubted Beef breeds, m the mam, lack persistency, 
frequently going dry after five or six months of lactation Crosses betw een 
beef breeds and dairy breeds are intermediate m persistency 

A hormone prolactin, secreted by the anterior pituitary b<Ddy, is neces- 
sary for the initiation of lactation Recent work indicates that a continued 
secretion of this hormone is necessary to maintain milk production In- 
fection of the hormone into lactatmg animals with poor persistency records 
resulted in marked improvement This would seem to indicate that the 
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inheritance of the factors for persistency are concerned uith the anterior 
pituitary bod> Attempts at determining the nature of the inheritance have 
met with little success and have indicated only that it is, m all probability, 
a complex inheritance 

No characteristic is more subject to variation due to environmental m- 
fluences than is persistency It is therefore more difficult to ascertam the 
genetic influence on this charactenstic Several studies have shown, how- 
ever, that the slope of the lactation curve is markedly influenced by hered- 
ity Swedish workers * have estimated that from 15 to 30 per cent of the 
variations encountered in persistency is determined by heredity These 
same workers have estimated that heredity accounts for 30 to 40 per cent 
of the variation in milk or buttcrfat yield for 300 days and from 70-80 
per cent of the butterfat percentage The rest of the variation for these 
characteristics is assumed to be due to environmental factors Studies at 
the Minnesota Station ^ indicate that heredity played a major role in 
accounting for the variation m persistency 

Type. Selecting and breeding for type is one of the oldest objectives of 
breeders As the character “type” involves ail of the body conformations 
and proportions of body parts, it is reasonable to assume that it involves 
the most complex inheritance of any of the dairy characters There is 
conclusive evidence that many factors arc required for a single part of the 
body Since literally scores of parts of the body are involved in the whole 
animal, and since for the correct type each part not only must be shaped 
correctly but also must be proportionate and in harmony with every other 
part. It is easy to visualize hundreds of factors as being mvolved In spite 
of the great complexity of the inheritance of type, there are records of 
many successes of breeders m secunng herds of superior type \Vhile many 
matmgs of parents of superior type have resulted in offspring of poor or 
mediocre type, there are also many examples of animals that breed 
practically true for excellent type The fact that m the Jersey, Guernsey, 
and Holstein breeds three direct generations have won Grand Champion- 
ships at the National Dairy Show, must be taken as pnma facie evidence 
that good type is transmuted That good type animals are not always 
secured from the breedmg of superior types does not detract from the 
fact that good type is inherited, but contributes to the contention that the 
inheritance is very complex and that in all probability there are more fac- 
tors mvolved m its inheritance than in any other 

Vitality and vigor Like other important characters of dairy cattle, 
the inheritance of vitality and vigor is not known There is, however, 
plenty of evidence that a large number of factors are involved and that 
vitality and vigor can be bred by proper selection In plants, where more 
genetic work has been done than with animals, it is found that a large 
number of factors arc involved m vitality Vitality and vigor are the first 

j^'JoiiANssoN, IvAR AND Hansson, Ailur KuDgl Lantbr Tldsts Nr 1-127, 
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characters to be lost in inbreeding, this lends support to the contention 
that the mere absence of one of the many dommaimg gcncs for vigor 
and vitality may be responsible for the loss of this character As loss of 
vigor and vitality is generally observed in the inbreeding of dairy cattle, 
It IS apparent that cattle arc heterozygous for many of the factors involved 
The occasional weak offspring from vigorous parents can be accounted for 
by a combination of recessive factors for vigor from heterozygous parents 
Resistance to disease \Vuh most highly infectious diseases of cattle it 
IS questionable whether there is any material inherent resistance For 
other diseases it has not been proved whether there is inherent resistance 
among individuals On the basis of what is known m plant breeding it 
IS reasonable to believe that there may be individuals among cattle which 
have a higher degree of resistance to some diseases than others Plant 
breeders have established many varieties of plants resistant to devastating 
diseases When more is known of possible individual resistance to disease 
in cattle another tool becomes available for use of the breeder m improving 
cattle 

Milking factors There are at least two types of inherited character- 
istics that effect milking One is hardness of milking and the other is the 
promptness and completeness with which the cow responds to the milking 
stimulus 

Because of the hardness of milking, covvs may require from one minute 
to more than IS minutes for removal of the same quantity of milk It is 
not uncommon to find cows that require 10 more minutes per day than 
the normal for milking Assuming such cows arc milked 300 days each 
lactation, a total of 50 hours more are required for milking time Studies 
now m progress by the author have demonstrated that hardness of milking 
IS inherited Daughters from hard milking cows tended to be harder 
milkers than the normal The variations found in these studies indicate 
that several genes are involved in the mhentance of the hardness or ease 
with which cow s milk 

Limited studies indicate that failure of cows to respond with a com 
pletc let-down of milk at each milking may be a major factor in some casej 
of poor persistency A characteristic of these cows is great variations in the 
amounts of milk obtained from milking to milkmg and probable mfre 
quency of complete emptying of the udder Studies ‘ of one such cow and 
her three daughters emphasize the depressing effects of this abnormality 
upon production and indicate that it is inherited When this cow was 
handled so she responded with a complete let-down of milk, at each milk 
mg she increased her milk production by over 60 per cent for a lactation 
period of 305 days That the abnormal behavior is inhented is supported 
by the fact that two of the three daughters presented similar idiosyncrasies 

DIFFICULTY IN DETERMINING GENETIC ROLE IN PRODUCTION 

The total production of a cow is the sum of the mteraction of maiiy fac 
tors part genetic and part environmental The difficult problem for the 

1 Petersen \V E and Gilmore L O Jour An i mal Sa 5 399 1946 
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student is that of segregation of the genetic from the environmental factors 
Aside from feeding and management other factors are graphically illus- 
trated m Figure 55 with arrows indicating the direction of the interplay 
The use of monozygotic or identical nvins ivill enable research workers 
better to arrive at environmental mfluences, since in this case the heredity 
is kept constant within pairs 




— Chapter 24 

SYSTEMS OF BREEDING 


Systems of breedi>c are classified wpos the basis of closeness of 
relation of the animals mated A knowledge of these systems and of what 
can be achieved through the use of any of them is of considerable value 
to the breeder of dairy cattle Although very little experimental work has 
been done to give us adequate data for complete evaluation of the different 
systems of breeding, a discussion of these systems and of their uses and 
values in the breeding of dairy cattle will follow The systems of breeding 
generally recognized are crossbreeding, outcrossing, Imebreeding, in- 
breeding, and bradmg up In addition to a discussion of the systems of 
breeding, it is both of interest and value to consider the methods used 
by the noted breeders of the past 

Crossbreeding Crossbreeding is the mating of cither purebred or 
grade animals of two distinct breeds It is obviously not available to the 
breeder of purebred cattle, and can be used only m the beginning by one 
who wishes to establish a herd of high grades Crossbreeding has been 
resorted to by dairymen to a considerable extent under the following con- 
ditions in the beginning of a grading up program , when it is deemed 
advisable to raise beef types from dairy animals, in attempts to combine 
the high fat content of the milk of Jerseys or Guernseys with the large 
milk yield of low fat content of the Holstein , and to increase the fat con- 
tent of the milk to meet market demands Crossbreeding has also been 
resorted to for expenmental purposes to determine the nature of the m- 
henlancc of milk, fat percentage, and beef charactenstics 

Crossbreeding Jar grading up The mvner of a mixed herd who desires 
to grade up such a herd by the use of a bull of a certain breed, naturally 
wvU secure crossbred stuff As such an owner continues to use bulls of the 
same breed, he gradually develops a herd having all the characteristics of 
the breed tvhich the bulls represent, and the undesirable characters of the 
crossbreds will be gradually eliminated Thus, the problem of having a 
herd lacking in uniformity due to the interaction of the characters of the 
two breeds that arc crossed is only a temporary one and need not be given 
senous consideration 

Crossing dairy cattle itith bee/ bulls Beef bulls have been used to a 
considerable extent on cows of dairy breeding for the puqxisc of improv- 
ing the beef qualities of the calves Beef bulls of dommant color and color 
patterns arc preferred because the oflspnng will then be uniform in that 
respect Angus crosses will be solid black and Hereford crosses will have 
the Hereford pattern, but Holstcins and Jerseys when crossed will be 
black instead of red Since the oflVpnng of these crosses arc sold for beef, 
there is no further breeding problem to be encountered Studies of beef- 
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dairy crosses at the Maine Station showed that the inheritance of beefiness 
IS intermediate between the dairy and beef types, ^ for Angus-Jersey 
crosses the forequarters resembled more nearly the beef type, while the 
hindquarters were more like the Jersey type Similar experiments at the 
Wisconsin Station corroborated the work of the Maine Station * It is 
therefore apparent that the use of beef bulls on dairy type cows will pro- 
duce offspring of considerably greater value for beef purposes 

Crosses to increase thejat content of the mitk In certam markets the de- 
mand for higher fat percentage of the milk, with resulting premiums for 
milk of high fat content, has forced dairymen to use bulls of the high 
testing breeds on Holstein cows This has resulted in a mixture of colors 
that is generally undesirable If a bull of the same breed is used on sub- 
sequent crosses, there will ultimately be a switching of the breeds, because 
gradually the blood of the high testing breed will be mcreased to such an 
extent that only its characteristics will remain 

Several experiments involving the crossing of different dairy breeds 
have shown that m general the offsprmg are intermediate between the 
two parents for fat percentage and amounts of milk In general the milk 
yield of the hybrid will be somewhat nearer to the level of the high pro- 
ducing parent and the fat percentage nearer to the level of the low tcstmg 
parent This has led some to conclude that the factors for milk production 
arc partially dominant, and that those for fat percentage are more reces- 
sive If bulls of different breeds arc used alternately in crossbreedmg, 
problems of lack of uniformity in types and particularly in colors are en- 
countered It IS also to be expected that a certam amount of segregation 
will make for great variability in the fat content of the milk as well as m 
the amounts of milk In this case fat per cent and amount of milk will 
vary inversely On the basis of the amount of evidence that is now available 
the desirability of crossbreeding is questionable 

Crossbreeding Jot experimental purposes Tw o types of crosses have been 
made for the purpose of studying inheritance One is the cross of beef and 
dairy types, and the other is the cross of extremes in the dairy breeds 
These crosses yield valuable information on the inheritance of certain 
characters, such as color and the homed condition The validity of the 
results in interpretmg the nature of the inheritance of such complex 
characteristics as milk and buttcrfat production and beef is questionable 
In beef dairy crosses it is reasonable to assume that a large number of the 
factors responsible for either one of these crosses are not allelomorphic, 
and that undoubtedly factors for both milk and beef production are 
dommant or epistatic It is therefore probable that there will be a conflict 
for expression of these characters in the hybrid, resultmg to a certain 
extent in an mcomplete expression of both sets of characters This conflict 
would give the appearance of an intermediate inheritance, %vhich is as 
has been observed Crossing of dairy breeds, while uncomplicated by 


*Gowxn Jour Act Res 15 1 57 1918 
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the factors for beef production, is subject to cnticism as a means of 
studying the inheritance of amounts of milk and fat percentage 

Smce all the dairy breeds are fairly well specialized for certain char 
actenstics and since no crossmg between the breeds has taken place for a 
long time, heterosis can be expected to be a factor in the hybnds This 
would invalidate the data as a means of study mg the inheritance of milk 
and fat percentage In nearly all the crossbreeding experiments of different 
dairy breeds it has been observed that the hybnds have milk yields closer to 
the level of the high milk producing parent and a fat percentage closer to 
the low testing parent Fat percentage has been mterpreted as being an in- 
hentable character, when possibly it is the result of two inhented char- 
acters It IS possible that instead of fat percentage bemg the mhented 
character, the capacity for total fat production is the inhented character 
and the fat percentage is the ratio between the two inhented characters 
This finds some support in the fact that the fat production of the hybnds 
IS about that of the high produemg parent, with an increasmg amount of 
milk inhented from the higher milk producing parent there will naturally 
be a declme m the fat percentage TTiis mterpretanon, too, lends support 
to the hy^jotbesis that factors for milk production arc dominant It is 
clearly evident that more experimental work is necessary before positive 
conclusions can be amved at 

Crossbreeding JcT commercial herds The Bureau of Dairying ^ earned 
on expenments with reciprocal two breed crosses for Jersey X Holstein 
and Holstcm X Red Dane and one way crosses of Jersey X Guernsey, 
HoUtem X Guernsey, Red Dane X Jersey, and Red Dane X Guernsey 
of which 50 crossbreeds have completed production records of 363 days, 
milked three tunes daily All parents were purebred The first records of 
the crossbreds arc compared with the first record of their dams m the 
following table 



USk 

Baitviat 1 

Age 

50 tv 0 breed crosses, av eiage 

PctlU^t 

FttCenf 

PniUj 

TtJft irmit 

17 958 




50 dams average 

10,253 

4J7 

445 

2 4 

Average difference 

Ivuml^r daughters better than 

+2 “05 

-01 

+141 


their dams 

41 

20 

47 



One of the problems m a crossbreeding program is what to do with the 
crossbreds If bred back to cither of the parental breeds much of the 
supposed benefits from crossbreeding would be lost Introduction of a 
third breed is suggested, after which, theoretically, either of the first two 
parental breeds may be used without much loss m heterosis To date 27 
three breed combination cows have completed 363 records on three 
urocs-daily milking that can be compared to their dams as follows 

> BDIM — Inf — 30 SuppL, Apnl 1947 
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Miik 

1 Butterfst 

Age 


PoMmdt 

Per Cent 

Peundt 

1 cart llentks 

27 three-breed crosses, average 

13,130 

464 

618 

2 2 

27 two-breed dams, av erage 

13,16a 

4 62 

604 

2 2 

Difference 

-3S 

-f 02 

-fl4 


Number of daughters better 
than their dams 

17 

11 

17 



It Will be noted that in the two-breed cross a significant increase in 
both milk and butterfat production was obtained In the three-breed cross 
the production level was maintained 

Outcrossing. Outcrossing is the term applied to the system of breeding 
wi thin a breed, the parents being selected from distantly related strains 
Many people believe that outcrossing produces better results than closer 
breeding Some breeders believe that crossmg certain strains produces 
better results than the crossing of other strains, and refer to this phenome- 
non as “nicking ” Whether this is the case cannot be positively stated for 
lack of experimental proof, however, the possibihty of its bemg true finds 
support, at least theoreucally, m the science of genetics It is hy'pothctically 
possible that factors for both fat and milk production are Ibund in dif- 
ferent loci m two strains, and by matmg such strains there would be a 
complementary effect of the factors from both parents 

Linebreeding.^ Lmebrecdmg is the matmg of two animals to concen- 
trate on the qualities of some superior ancestor As m mbreedmg, the two 
sides of the mating are common in this respect , but hnebreedmg differs 
from mbreedmg in that the other ancestors of the two animals are more 
distantly related or unrelated The linebred animal, therefore, is not re- 
ferred to merely as bemg Imebred, but Unebred to a certam mdividual, 
such as a “Lmebred Sophie I9th ” Lincbreedmg is practiced with the idea 
of holding together and gettmg in as pure a form as possible the desirable 
traits of either a superior sire or dam It has definite limitations m that 
hnebreedmg cannot be earned on to one mdividual for many generations 
without also mvolvmg hnebreedmg to other descendants of the ongmal 
ancestor When this stage is reached, the system changes from that of 
hnebreedmg to mbreedmg As contrasted to outcrossmg, hnebreedmg 
reduces the number of ancestors, but not so much as does mbreedmg 
Lmebreedmg with a reasonable amount of selection naturally tends to 
increase the uniformity of the herd, although not so rapidly, perhaps, as 
does mbreedmg By hnebreedmg one avoids, to a certam extent, a good 
many of the disastrous results encountered m mbreedmg, such as loss of 
fertility an d vigor It is largely through hnebreedmg that faimhcs are 
established 

Inbreeding. Inbreedmg is a system of matmg closely related ammals, 
such as brother and sister, son and dam, or sire and daughter Two pur- 
poses may be accomplished by this system of breeding One u to test the 
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genetic makeup of the parents, and the other is to produce a more umform 
herd by lunitmg the factors to those within a family 

As has been previously indicated, it is desirable to test the genetic 
makeup of the parents, and one of the most effective ivays of doing this 
IS through backcrossmg the offspnng to the parents This is particularly 
important to the breeder of purebred cattle ivho is desirous of eliminating 
from his stram undesirable recessive characters Animals that are found 
to have undesirable recessive characters may then be eliminated 

The breeder who has unusually superior stock with characters that he is 
very desirous of perpetuating and has difficulty in finding nonrelated 
stock of equal ment, can best perpetuate what he is working for through 
inbreeding Frequently, too, a sire has proved to be unusually superior 
and rather than let his qualities be lost when he can no longer be used for 
general service, it may be advisable to breed him to his daughters, thus 
practicing inbreeding 

Inbreedmg is not to be recommended to the inexperienced breeder 
Merely to inbreed, even \%hen relatively supenor animals are used, does 
not guarantee establishment of uniformity In order to improve upon a 
herd by inbreeding, the breeder must follow a plan of rigorous selection to 
eliminate those individuals possessmg undesirable characters 

Dangers of inbreeding Inbreedmg as a general system to be used by 
the average cattle breeder is fraught with a great many dangers Inbreed- 
mg for a considerable length of time invanably results m loss of vigor, 
size, and fertility If there are any lethal or sublethal factors present, the 
losses Nvill be heavy >vhen inbreeding is practiced Plant breeders have ex- 
perienced the same difficulties in the inbreedmg of corn, but by crossing 
two simultaneously inbred Imes they have found that vigor is restored, and 
if proper selection has been made in inbreeding, a supenor line is fre- 
quently established While many breeders have noted the detenoration of 
their mbred lines, there is no record of anyone having practiced inbreed- 
ing of t\vo lines of dairy cattle simultaneously and then crossmg them 
The United States Department of Agnculture ‘ furnishes one of the 
best examples of the results from inbreeding where daughters from grade 
COINS of average production were inbred to good purebred sires of the 
Holstein and Guernsey breeds Inbreedmg Guernseys for two generations 
resulted in lower birth weight of the cal\es, increase m the incidents of 
deformity of the calves, and a decrease m the mature weight of the inbred 
animals The milk production level of the 50 and 75 per cent inbred 
daughters was about the same as that of the foundation cows, but the 
butterfat production vsas increased with the inbreedmg because of an in- 
crease in the fat percentage of the milk The variability of the inbred 
animals for both milk and fat production was lessened with the degree of 
inbreeding For the Holstcins there was no decrease m fertility, but there 
was a marked decrease in the birth weight of calves with the intensity of 
inbreeding The calf mortality increased, and the rate of growth was 
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TWO SENERATIONS OF BROTHER SISTER MATING 

SIRE ANO 0AM CONNECTED THRU SK INDERENOEKT CHAINS 


STD STUED 

SEO STFEO 

2\^)3 SEUTD F. or 375% 

SEFTD 

Sew»a Wnjht ^ 

Fig 56 Diagrommatic representotion of inbreeding for various related 
matings 

movement m England for the unprovement of cattle, particularly Short- 
horns, that resulted m outstanding accomplishments by a number of men 
who now are recognized as some of the greatest breeders of all times 
The Colling Brothers, who started their breeding operations about 1780, 
Booth, who began to breed Shorthorns about 1790, and Amos Cruick- 
shank, who de\elopcd the famous Scotch t>-pc of Shorthorns beginning 
in 1837, are a fe%v of the very outstanding brewers who were credited w^lh 
the development of the beef characteristics of the modem Shorthorn 
breed Thomas Bates, who began breeding Shorthorns just before the 
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beginning of the nineteenth century and selecting for dairy capacities, used 
methods similar to those of the other breeders, his methods are of more 
interest, however, to students of dairy mg 

Bates is credited with establishmg the milkmg strain of Shorthorns 
He first selected individuals with superior dairy characteristics and mated 
them These matings were followed by mbreedmg, and it ^vas through 
his intensive mbreedmg program that Bates succeeded m fixmg the dairy 
characteristics in the Shorthorn breed that are manifest to this time He 
experienced many of the disappomtments m mbreedmg that are usually 
encountered Some of his inbred animals became sterile, and there was a 
marked loss in vigor Both of these faults were overcome, however, by 
judicious outcrossing of carefully selected animals for the characters he 
was attempting to establish 

Outstandmg breeders in other breeds of cattle have practiced v ery much 
the same methods Their successes have not been so outstandmg, because 
they began with a better developed foundation stock than did early 
English breeders It is much more difficult to achieve marked improve 
raent with our modern well-developed breeds of cattle than it was a 
hundred or more years ago when cattle were not so well developed While 
these earlier breeders knew nothing of the science of genetics, their 
practices are certainly supported by the facts made known by genetics 

Modern breeding At this pomt wc arc ready to consider the methods 
of breedmg that should be followed m the improvement of the various 
herds and breeds of cattle Whde*there has been a marked improvement 
m all the breeds ot dairy cattle, there is still much room for improvement 
In general it can be said that to improve herds of loda> , the same methods 
should be practiced that the old master breeders used One of the major 
contnbuiions of the science of genetics is the lendmg of support to the 
soundness of the methods used by the old breeders The modem breeder 
has a big advantage over the older breeders, m that more evidence is 
available to measure the genetic makeup and breedmg value of dairy 
animals Although there are not nearly enough records, there arc infinitely 
more records of production than there were years ago 

The most essential requisite for more intelligent breeding is the adoption 
of a sound testing program m which all the offspnng of a sire are tested 
Without the adoption of such a program the breeder of today cannot hope 
to make much progress He must have available these records m order to 
select his breedmg stock intelligently Then and only then, by using the 
records as tools in ngorous selection for the characters toward which he 
"ants to breed and by judicious use of mbreedmg, hnebrceding, and out- 
crossing, will he be able to formulate a breedmg program that will ulti- 
mately produce superior strains 

Modern genetics permits a concept of establishing a pure Ime for high 
nulk and buticrfat producuon Such mdmduals would be homozygous 
for all of their genes affecting railk and buitcrfat production W hen such 
animals arc obiamcd, noihmg but uniformly high production can result 
from matings tnUr sc 
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The adoption of this concept of establishing a pure line for high pro- 
duction as a goal is to be recommended to all breeders and research 
workers as one that is likely to be productive of results. With this as an 
objective the problem becomes one of setting up a system of breeding that 
will eliminate the undesirable charactei^ and retain all the desirable 
characters now in cattle. 



Chapter 25 


SELECTION AND CARE OF THE 
HERD SIRE 


Importance of the herd sire. The selection of the herd sire is 
by far the most important decision a breeder has to. make. While the 
evidence indicates that the sire and the dam contribute equally to the in- 
heritance of the offspring, the sire has many more offspring than the dam, 
and therefore his influence from a hereditary standpoint is much greater 
than that of a cow. The popular statement that “the sire is half of the 
herd” is correct to the extent that he is the sire for the whole herd. A 
superior bull can be responsible for a greatly improved herd, while a poor 
bull can ruin a herd. The variation in the ability of bulls to sire production 
is well illustrated in the following table. 


Analysis op 1,000 Bulls Mated to Cotvs op Varying PRODuenoN Levels* 


Nuzaber 

of 

Sves 

B(«d to Cows ProduoAg 

Per Cent of Sire* 
IscreaMd 
Production 

Per Cent of Sires 
Decreased 
Production 

10 

Under 200 lbs. fat yearly 

100 

0 

142 

200 to 300 lbs. fat yearly 

86 

14 

487 

300 to 400 lbs. fat yearly 

73 

27 

305 

400 to 500 lbs. fat yearly 

42 

58 

47 

500 to 600 lbs. fat yearly 

28 

72 

9 

600 to 700 lbs. fat yearly 

0 

100 


This table gives the result of the analysis of 1 ,000 purebred bulls, show- 
ing the per cent of the bulls that increased the average production in herds 
of various production levels. It will be noted that as the herd averages 
increase, the percentage of bulls siring daughters superior to their dams in 
production decreases with the increased average production of the cows 
to which they are mated. All bulls mated to cows producing less than 200 
pounds of fat, sired daughters superior to the cows; and all bulls mated 
to cows producing more than 600 pounds of fat, sired daughters inferior 
to their dams. This table also illustrates the increasing difficulty of selecting 
satisfactory bulls for herds of high producing co\vs. 

Figures from the Grand Rapids, Minnesota, Branch Station not only 
illustrate what can be accomplished by using good purebred bulls, but 
also show that improvement is rather rapid from the lower levels of 
t>roduction and much more difficult and slower as the average production 


‘ Figures from U. S. Dept. Agr. 
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of the herd increases The data presented in the following table repre- 
sent the increased production by >cars from scrub cows by the use of 
purebred Guernsey bulls 


Results rROii Using Purebred Guernsey Bulls foe 20 Years, 
Beginning with Coumov Cons and Grading Up* 


1 

Pounds ol 

Mnk 
per Caw 

A^er»ce 
Pounds ot 
Butteifst 
per Cov 

Averare 

Pet Cent 
of 

Bulterfst 

Avenfe per Herd 

1904 

4,700 

196 

m 

4,700 pounds of zmik 

196 pounds of butterfat 

1911 

5,301 

226 

mm 

Sirj'ear average, 1911 to 1916, 

1912 

5,371 

236 

44 

1913 

5,313 

227 

44 

inclusive 

1914 

5 519 

259 

4.7 

5,584 pounds of milk 

1915 

5,721 

280 

49 

256 pounds of butterfat 

1916 

6,281 

301 

4.8 


1917 

7,184 



Eight > ear average, 1917 to 1924, 

1918 

6502 



1919 

7,IS2 

333 

47 

indusive 

1920 

6972 

341 

4.9 

6,968 pounds of milk 

1921 

6,757 

332 

4S 

338 pounds of butterfat 

1922 

6797 

331 

4.9 


1923 

7,542 

362 

4.8 


1924 

6,841 

331 

4.8 



Another illustration of what can be accomplished by the use of pure- 
bred bulls is furnished by the Iowa Station, where purebred bulls of the 
Holstein, Guernsey, and Jersey breeds were mated ivith scrub cows The 
resulu arc represented m the next Uio tables The first table gives the 
average production of milk and fat for the original scrub coiv and the two 
succeeding generations The second table gives the increase in per cent 
over scrub cows, from this table it can be seen that while there is con- 
siderable variability in the degree of increased production, in all cases 
the production was greatly increased by the use of purebred snes It may 
also be added that while the first generation was variable from the stand- 
pomt of color and type, the second generation was noticeably of much 
more uniform type, takmg on more of the characteristics of the breed of 
uhich the sire ivas a representative There are numerous other examples 
of what has been accomplished through the use of good sires It must be 
stated, how ever, that there are also many examples of the sire having been 
responsible for great decreases in production, often leadmg to the rum 
of the herd One bull at the University of Mmnesota Station was rcsponsi- 


* Mum Agr Col Ext. Ore. 15 1923 
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ble for a decrease of 38 percent m the butterfat production of his daughters 
as compared with them dams 


Results from TnE Use of Purebred Sires for Tuo Generations 
ON Scrub Cows* 


Cxou? PdZSUQ 
Sn£ Used 

j Daus 

1 Daucbtixs 

j GaANSDArCHTZZS 


Fst 


1 


Fat 


Pounds 

Pounds 

Pounds 


Pounds 

Pounds 


3 7S2 

176 

6 839 


11,127 

420 


3 6S7 

163 

a 102 


5 810 

oOl 


3463 

16S 

5 009 


5411 

287 

■Average j 

3 660 

172 

5,999 

261 1 

8,402 

358 


Percentage op Increase in Production of the Two Gen'zr 
AT iONS OF Grades ovxr Their Scrub Dams * 


Cboci 

1 Incbzass c< PzoDccno't 

1 First CeocAtioa 

1 Secofid GesenDfla 


Fat 


Fat 

HoUteui 

81% 

65% 

94% 

138% 

Guernsey 

38% 

43% 

58% 

74% 

Jerse) 

■!:.% 

57% 

56% 

71% 

Avenge 

61% 

52% 

130% 

109% 


Factors to consider in selecting a bull Bulls roa> be selected for one 
or more of the follow mg considerations 

1 Type of the aniroal 

2 Pedigree 

3 Consideration of progeny performance 

As the fundamentals involved m this have been discussed previously 
(Chapter 22), only a bnef review is necessary here 

Type Type should be given senous consideration because of the de- 
sirability of havmg a bull of good type and also because t>pe is inherited 
Frequendy it is the only consideration taken mto account in selecting a 
bull, this cannot be jusufied Many bulls of excellent t>'pe are sires of 
offspring that are mediocre m this respect, and no evidence exists that 
there is any marked correlation between the ^-pe of a bull and the pro- 
duction of his daughters 

"^McCandush GiLE-rrr, and Kiujee la. Agr Expt. Sta. BuL 188 1919 
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Selection on the basis of type is even less reliable for the >oung bull, 
as there may be marked changes in the body conformation ^vith develop- 
ment. A >oung animal of inferior t>pe may improve with age; and con- 
versely a young bull of good type may become poorer in this respect with 
increase in age. 

The Purebred Dairy Cattle Association has prepared a score card for 
the dairy bull of all breeds which has the approval of the American 
Dairy Science Association. That score card with comments on special 
breed characteristics and evaluation of defects is reproduced here. 


Dairy Boll Score Card 

0} ty^ ani brud ebaraeltruluj niiil in Ifuapfluatun ej Uc umineltiy <>f >Su iUrtt caiS 


Bated oa Order ot Obterrtbon 

Perfect 

Score 

Bull 

Under 

Observa 

Offi- 

oal 

Score 

1. GENERAL APPEARANCE 

AUiutn* iHditidnaiily, tntalini tttof, mtuiJtaily tn/i » karmontcut 
hUndft and arreUttan ef parU itylt and nttta<Uu camait 

vtikaMcttxxa.rK^baUnttdiiaik 20 

auxooAAACTiusne* (»«« below) 

BUS muealiae, mediun in Uertn. ctean^nt. broad niuzle vitb lane 
<ma BMtnU lean, strong jaw. lull, bngbc e>«*. (ocebead broad betweea 
tn« eye* ud ooderately dished, bndge «1 bo<« straight, e«n medium 
sue axidalenly earned . 

nonuEt aLAOES Mt siMthly against ehest srall and mihcta. /onmeg 
Bcatjunctionwiihthebody 

aaa luosg and appeanng straight mth venebtae well defined. 
tOC( broad, strong, and nearly let eL 

■ntr long, wide, totvluielevd irom loin to and including tad head 10 

SM^de, approninately lesel laterally aiib back, free Irom 

TaniJ wMe apart. 

rDOO'ctf end* apart and slightly lower than hipa. well defined. 

TAIL OAO subtly above and neatly <ct be^eca piobones. 

Tail long and tapenngwilb nicely balancd switA. — 

2. DAIST CHARACTER 

Antmatton,aninUrilj,trntTelopnnm,QndJrndemlrfmeucuhum 
xen rawil^ne and long, with modeiale crest blending smoothly mto 
shoulders Clean<ut throat, bruket anddewl^ 

WTTSEBS well defined and wedge-<hapcd witli tbcdonal procesfcs of the 
vertebrae ruiog slightly above the shoulder blades 
aiBS well arched, wide apart, nb bone flat, wide, and long 
rLAKES arched and refined 

TBICHB when viewed tiom the side Bat. when viewed from therear mde 
apart tVellcut upbctweentbetbighs ’ tr 

SEiKofmediumlbKkiiess, loose and pliaUc Haufine. 

TESnaxS both normal Saotum normal 

ntmiKO'TAiv TEATS Wide apart, souatcly placed and in front of scrotum 
KAiuiABY VEILS large, long, and well defined _ 

3 BODY CAPACITY 

RelaliteJy Urge tn pttparim la »f animal and dtap at Ou Jlani, tra- 

tidiHtanipUiitaUi*capaalj,itrtn(tk,andntfT ’ Iq 

BAEBEL deep, strongly supported, nbs wide apArt , and well sprung 

BEAaTCiaTH Urge, resulting from long, well sprnne foretRa, snde chest — 
Boor between front Ic^s. and fullness at the gomlof elbow 10 

4 . LEGS AND FEET 

jotELEOS medium in length straight, wide apart, aouarely placed. Feet S 

short, and well rounded with decpbrctandl^clsole — 

Hjxn LEGS when viewed Irom the side, nearly perpcndicolar from hock (0 
pastern Dhenviewedfiomthcrear lees wide apart and nearly sirs tfht 
Soce, Bat and fiinty, tendons well defined Fastemi. of srednun length, 10 
strong a^spnngy HockscIeanlymouldeiLFcctsaisieBAabove. 

30 

35 

20 

15 



TOTAL 

j 100 
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AYRSHIRE CHARACTERISTICS 

Color — Red of any shade, ma- 
hogany, brown or these ^vlth 
white, or white, each color 
clearly defined Distinctive red 
and white markings preferable, 
black or brindle markings 
strongly objectionable 

Size — A mature bull in breeding 
condition should weigh about 
1,800 pounds 

Horns — Inclimngupward, medium 
size at base, refined, medium 
length, and tapering toward tips 

GUERNSEY CHARACTERISTICS 

Color — A shade of fawn with white 
markings clearly defined, black 
or bnndle markings objection- 
able Skin should show golden 
yellow pigmentation When 
other points are equal, a clear or 
bufF muzzle will be favored over 
a smoky or black muzzle 

Size — A mature bull in breeding 
condition should weigh about 
1,700 pounds 

Horns — Inclining for\vard, me- 
dium size and yellow at base, 
refined, medium in length, and 
tapering toward tips 

JERSEY CHARACTERISTICS 

Color — A shade of fawn, ^Mth or 
'vithout white markings 

Size — A mature bull m breeding 
condition should weigh about 
1,500 pounds 


BROWN SWISS CHARACTERISTICS 

Strong and vigorous Size and 
ruggedness with quality de- 
sired Extreme refinement un- 
desirable 

Color — ^A shade of brown varymg 
from a silver to a dark brown 
Hair inside ears is a lighter color 
than body Nose and tongue 
black Nvith a light colored band 
around nose Color markings 
which bar registry are white 
switch, white on sides, top, head 
or neck and legs above knees or 
hocks White on belly or lower 
legs objectionable 

Size — A mature bull m breeding 
condition should weigh about 
1,900 pounds 

Horns — Inclining forward and 
slightly up Medium size at 
base, medium length, tapering 
toward black tips 

HOLSTEIN CHARACTERISTICS 

Color — Black and white markmgs 
clearly defined Color markings 
which bar registry arc solid 
black, solid white, black in 
switch, black belly, black en- 
circling leg touching hoof, black 
from hoof to knee or hock, 
black and white intermixed to 
gi\c color other than distinct 
black and white 

Size — A mature bull m breeding 
condition should weigh about 
2,000 pounds 

Horns — Inclining forward, incurv- 
ing, medium size at base, re- 
fined, medium length and taper- 
ing toward tips 
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P/digue. The value of a pedigree as an instrument in evaluating dairy 
animals has been descnbed previously. It \sas pointed out that the 
pedigree containing ample Information about the ancestors and close 
relations of an animal is of great value in evaluating such an animal. Most 
pedigrees, hotsever, do not contain sufficient information, either because 
much of the information that is needed is left out by the pedigree %mter 
or because not enough of the ancestors have production records. The 
breeder Vkho follo\%-s out a certain line of breeding finds additional value 
in the pedigree. For comofieccial reasons breeders often find it advan- 
tageous to follow certain lines of breeding that have been publicized and 
come into popular demand. Followng such hncs in a breeding program 
facilitates sale of surplus stock at better prices. While in some cases it U 
unfortunate that such a situation should exist in that it may interfere with 
a consirucmc breeding program, nevertheless it is a reality that must be 
recognized. For the most intelligent selection the pedigree must always 
be taken into account. If it contains a complete record of all the necessary 
information about the ancestors and close relations, it can be an instru- 
ment that is reasonably accurate tn the evaluation of the bull. Its use 
merely to follow certain blood lines, however, contributes very little to a 
constructive breeding program. 

Progeny pnjormaiue Evaluating animals on the basis of progeny per- 
formance IS the most reliable of any method that is available to the 
breeders of dairy cattle The fundamentals to be considered in selecting 
and cvaluaimg upon the basis of the progeny performance have been 
fully discussed previously ^\'hllc it is generally recognized that if a buW 
has sired progeny of the dcsir«l characters in one herd he v«ll do so io 
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another, it is not al\sa>s assured The CMxptions, hoivever, are so infre- 
quent that they do not deter materially from the desirability of using sires 
proved on the basis of their progeny performance This consideration 
IS so important that further attention is given under the following headmg 
Proien sire A proven sire is a sire having daughters with production 
records from dams with production records The question as to the num- 
ber of tested daughters that a sire needs in order to be proven is as yet 
somewhat controversial Various arbitrary numbers of daughter-dam 
pairs that are needed to pronounce a bull as being proven have been 
suggested Davidson published data that indicated that the first six daugh- 
ters are the smallest number that could be used as being reasonably 
reliable in indicating the production the bull will sire ^ Guiford, however, 
indicates 10 pairs as the least number from which the average production 
of future progeny can be predicted with reasonable reliability Copeland 
has studied this problem by working the coefficients of correlation be- 
tween dilTerent numbers of daughter-dam pairs with the average yields 
of all subsequent daughters* His results are presented graphically in 
Figure 58 The predictions based upon 6 daughter -dam pairs were found 
to deviate by more than 50 pounds of fat from the actual average pro- 
duction of subsequent daughters When 10 pans were used, the deviation 
dropped to 45 pounds, and when 15 pairs were used, it dropped to 35 
pounds 

A stnking example of what good proven sires will accomplish is fur- 
nished by the following table* in which the performance of 426 proven 




SlU4 

Twr 

Ax-EkACB P»<«)icno'r c 

- 1 
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fkouvenoN 
IU>CK or 
Daki 
(Pox. mis) 

SlKU 

bluB 1 
Uiced 
or 1 

1 Df 
errued 
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DscUASZ (— ) 
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1 Milk 

Batter 

Ul 

Milk 

Butler 

■ St 

Milk 

Butler 

l«t 


VnatScr 


V.-Wr 

1 Pnnd$ 

1 

PenHdt 

PfUtldl 

i PnnJl 

PnnJt 

250-274 

1 

1 

0 

5,541 

268 




-f7S 


4 




287 




-f75 



15 


7 072 

313 




4-59 





7 460 

339 




4-54 




1 

8 776 1 

359 




4-41 





9 703 

388 




4-32 




1 

10455 

411 




4-25 


63 


1 23 

10 792 

437 




4-15 


57 



1 11 814 

457 




4-1^ 





12428 

485 





500-524 



S 

15 919 

511 




-5 

550-574 



1 z 

15487 

332 

12S&4 

482 

-2423 

-70 

Toul or 










\n tsage 

426 


IVS 

10 161 

407 

10 576 

433 

4-415 ' 

4*26 


‘Damuiov IlL \vf ExpeSu Bui 2'0 1923 

• C^rtLANU Jfrvr> Bullcun 5t 8 Jan 1932 

• D^, D II !^\ Utur VoL 24, No. 6, 1949 
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NO. OF DAUGHTERS 

Cop«laad 

Fig 58 Graphic presentation of the variation (m pounds of bulterfat) of 
each group of daughters of a bull from 1 to 15 — from the average of all 
daughters 


sires used m artificial breeding associations on January 1, 1948 are ana- 
lyzed 

Objections to the proien stre While a proven sire is the best insurance 
that a breeder can have as to how a bull will perform, there are several 
factors to be considered that are not so favorable to the use of a proven 
bull The first, as has already been intimated, is that there is difficulty 
m properly evaluating the proven bull A second and more senous one, 
IS that proven bulls are scarce and frequently impossible to find Then, 
too, the value of the proven bull is likely to be fully realized by the owner, 
and the pnee, therefore, is likely to be too high Of necessity , the proven 
bull is considerably advanced in age, and the risk of losing his services 
because of sterility, death, or injury is great Many breeders prefer to use 
younger bulls because there is less danger of their being vicious The old 
bull, if he has such tendencies, has had them fully developed when he 
arrives at the age that he is proven The latter reason should not be given 
senous consideration and should not be a deciding factor if the equipment 
for handling the bull on the farm is adequate 
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paunch While there is no evidence diat silage is harmful, it is advisable 
to limit the amount fed to not over 15 pounds daily The hay preferably 
should be a good grade of legume, such as alfalfa or the clovers When 
the hay consists of a legume, a satisfactory grain mixture consists of 200 
parts of oats, 100 parts of barley, and 100 parts of corn When the roughage 
IS of the low protein type, such as timothy or prairie hay, 75 pounds of 
linseed oil meal or some other similar high protein concentrate should be 
added to each 200 pounds of the aforementioned gram mixture During 
the summer it is advisable to furnish the bull with a limited amount of 
pasture or some soilage crop While there is no positive evidence that the 
furnishing of green feed is absolutely necessary, it is possible that the bull 
may benefit from the vitamins that are present in all green feeds 

For bulls in artificial insemination service, workers at Cornell Uni- 
versity ^ are recommending somewhat heavier feeding They have formu- 
lated a tentative feeding standard for bulls m this service m which 40 per 
cent of the T D N is supplied in grain and 60 per cent in hay The 
table on page 250 gives the requirements for bulls ranging from 1,200 
to 2,600 pounds 

Daily Rations Found Adequate for Service Bulu 
at the University of Minnesota * 


attis 

Alfalfa Hay 

Corn Silage 

Grain 


Peundt 

Peundt 

Povndt 

Winter 




Jerseys 

12 

8 

45 

Holstems 

18 

14 

SO 

Ayrshires 

16 " 

12 

so 

Summer 




Jerseys 

12 

5 

so 

HoUteuis 

14 

13 

50 

Ayrshires 

12 

12 

50 


Housing and yard Although it is not necessary to furnish the herd sire 
with as warm a house as it required for the milking cow, he should be 
given housing conditions that will protect him from exposure to the 
elements The house and the yard for the bull must be considered together, 
for they should be arranged to facilitate the handling of unruly bulls and 
to afford opportunity for daily exercise m the yard The bull may be 
housed either in a small house b> himself or occupy a box stall in a portion 
of the barn In either event there should be access directly to a yard 
through a door that is operated b> controls from outside the pen The box 
stall or pen should be 12 feet square The general scheme of a sausfactory 
arrangement of both the pen and the yard is presented in Figure 59 

Attention is directed to the arrangement of the manager m a comer of 
the pen, lo the door operated by cord which opens into the yard, and to 

* Braston, Bratton and Sausblrv Jour Datry Sa 30 1003, 1947 

* ScMAEFER AND Ecrles Jour Dauy&i 12 16&-173 
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the breeding rack with gate arrangements m the >ard The pen is designed 
so that there will be no need of handling the bull, thereby insuring the 
maximum of safety In the care of the pen one of the important consider- 
ations IS to keep it well bedded during the cold weather to prevent the 
bull from contracting arthritis, a disea^ which frequently affects and im- 
pairs the use of a bull \Vhile a bull yard is to be preferred over anything 
else for a place in which the bull may exercise, a fairly satisfactory substi- 
tute may be constructed by suspending a stout cable 75 to 100 feet in 
length, to -Nxhich the bull may ^ tied by means of a ring and a s%vivel 
joint By this arrangement he can travel along the entire length of the 
cable If one end of the cable is fastened to the barn, it is possible for the 
bull to go in or out of his pen without being untied 

Cost of keeping the herd sice.* The cost of maintaining a herd bull 
varies with different conditions The more important items to be con- 
sidered are the costs of feed, bedding, housing, veterinary service, and 
labor In addition to this the interest on inNcstmcnt and depreciation m 
value must be added 

The feed costs for a service bull, which vary greatly, depend upon the 
size of the bull and the price of the feeds The larger bulls consume more 
feed than smaller ones This is illustrated m the following table,* which 


AiiouNT OF Feed Required and Cost of Keefisc a Herd Sire* 



UOISTCW Bcu. 
Vl£ican>o 2/500 Lb» I 

Jeuei Buu. 

Wqcblso 1 800 Las 


Aatount 


Amount 

Value 


7,500 lbs 
2,000 lbs. 

S S6 25 

25 00 

22 80 

6 75 , 

5,400 lbs. 
I,o00lbs 

$ 40 50 

18 73 

22 80 

6 75 

Total 

$110 75 

$ 88 80 

Interest on investment, 

5% on $10000 


S 500 


$ 500 

Depreciation 

When used only 2 > ears ; 
When used 4 j ears 


12 50 
625 


23 00 
IIJO 


compares the amount of feed consumed by a Holstein bull weighing 2,500 
pounds and a Jersey bull weighing 1,800 pounds 

The hay consumed by a bull in a year approximates three times his 
weight, and in addition to the hay 1,500 to 2,000 pounds of grain should 

1 U S Dept. Act , Bur Daurvmg, Ctre. 3 
Dawsos U S Dept. Agr Fa rmers * Bui. 1412 
* U S Dept. Agr , Bur Dauymg, Cue. 3 
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Tentative Feeding Standard for Dairy Bulls 


Body I\cigbt 
J>e»ndt 

ToUl Dtmljble 

NuUKDti Rtqairtd 

Ptt Bull Ftt D*y 

Pouada of 75 Per Cent 
T D N ConctnUite 
loSg{)p1y40Per 
Ccatof rD^S 

Pouads of 50 Per Cent 
TJ).V H»7io 
Supply 60 Per Cent 
TD^ R«]uueiBeoU 

1,200 

, 10 27 

55 

12-J 

1,300 

1 10 93 

58 

13 2 

1,400 

11 59 

62 

13 9 

1,500 

12 25 

65 

14 7 

1,600 

12 91 

69 

15 5 


13 57 

72 

16J 


14 23 

76 

17 1 


14^9 


179 


15 56 


18 7 

2,100 ! 

16 22 

86 

19^ 


16 SS 

90 

i 20^ 


17 54 

94 

210 


18 20 


, 218 


18 86 


22 6 

2,600 

19 52 1 
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the breeding rack with gate arrangements in the yard The pen is designed 
so that there will be no need of handling the bull, thereby insuring the 
maximum of safety In the care of the pen one of the important consider- 
ations IS to keep it well bedded durmg the cold weather to prevent the 
bull from contracting arthritis, a disease which frequently affects and im- 
pairs the use of a bull While a bull yard is to be preferred over anythmg 
else for a place in which the bull may exercise, a fairly satisfactory substi- 
tute ma> be constructed by suspending a stout cable 75 to 100 feet m 
length, to which the bull may be tied by means of a ring and a swivel 
joint B> this arrangement he can travel along the entire length of the 
cable If one end of the cable is fastened to the bam, it is possible for the 
bull to go in or out of his pen without being untied 

Cost of keeping the herd sire ' The cost of maintaining a herd bull 
varies with different conditions The more important items to be con- 
sidered are the costs of feed, beddmg, housing, veterinary service, and 
labor In addition to this the interest on investment and depreciation m 
value must be added 

The feed costs for a service hull, which vary greatly, depend upon the 
siae of the bull and the pace of the feeds The larger bulls consume more 
feed than smaller ones This is illustrated in the following table,® which 


Asiount of Feed Required and Cost of Keeping a Herd Sire » 



HoKmx Bou. 
Hocaao 2J00 Lss | 

Jessey Bdu, 
iracazNO } SCO Lis. 


AflMUDt 

\siue 

Amount 1 

lalue 

Hay at $15 00 per ton 

Gnun at $25 00 

Housing, bedding, etc. 

Labor at 25 cts per br 

7,500 lbs 
^ 2000Ibs. 

$ 56 25 

25 00 

22 80 1 
6 75 1 

5,400 lbs 1 
1,500 lbs 1 

1 

$ 40 50 

18 75 

22 80 

6 75 

Total 

Sn0 7a 

$ 88 80 

Interest on iniestment, 

5% on $100 00 


$ 500 


S 500 

DcptecuUon 1 

When used only 2 years 
When used 4 years 


12 50 
62S 


23 00 
1150 


compares the amount of feed consumed by a Holstein bull weighing 2,500 
pounds and a Jersey bull weighing 1,800 pounds 
The hay consumed by a bull m a ^ear approximates three times his 
weight, and in addition to the hay t,5QQ to 2,000 pounds of gram should 

I U S Dept. Agr , Bur Dair>ing, Circ 3 
Dawson U S Dept Agr Farroers’ Bui 1412. 

* U S Dept Agr , Bur Dairying, Ore. 3 
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be allowed If silage is fed, three pounds of silage replaces one pound of 
ha> Thus, three tons of silage would replace one ton of hav 

The costs of housing, bedding, \ctcnnary service, etc again would vary, 
and onl> average figures can be given According to the United States 
Department of Agriculture, these costs average S22 80 annually* The 
same source is responsible for the statement that 27 hours of man labor 
IS required annually to care for the bull The total cost for the Holstein 
bull referred to above is S11075 and for the Jersey S88 80 when hay is 
valued at $15 00 per ton, gram at $25 00 per ton, and labor at 25 cents per 
hour 

In addition to these costs, charges for interest on the mv cstment and 
depreciation must also be made If the bull costs $100 00, there is an 
annual charge of $5 00 for tmerest on the investment, and if the bull is 
used iw o ^ ears and is then sold for beef at three cents a pound, there must 
be an annual charge of depreciation of $12 50 for the Holstein and $23 00 
for the Jersey If the bull is used four >cars the annual depreciation charge 
becomes one-half of that when he is used only two >ears It is apparent 
that the higher the original cost of a bull, the greater will be the annual 
depreciation charges 

Haodlmg the bull The dairy bull is a potential killer, and should be 
handled wuh that fact constantly in mind One should never place himself 
in a disadvantageous position with a bull, even if the bull is apparently 
gentle Many people have been killed or injured when they have gone 
into the pen or >ard with a bull that was thought to be gentle, but that 
suddenly turned vicious Before one enters the pen, care should be taken 
to see that the bull ts securely fastened Bulls a year old or over should 
never be handled except with a staiT, unless there are two or more at- 
tendants, each with a rope from the halter, on either side of the bull A 
bull should never be teased or plajed with He should be handled firmly 
at all times Never should he be put in a position where he is forced to test 
his strength, for on so doing, he will discover his great power, and from 
that time on will be exceedingly hard to manage If an especially vicious 
bull IS to be moved from one place to another, extra precautions should 
be taken One of the safest ways of handling a bull is to hobble him 
This is done by the following method A band or rope is placed around 
his chest, with a nng or loop on either side of the body Through each loop 
is passed a rope which is fastened to the corresponding forefoot These 
ropes extend to the posterior, where each is manipulated by an attendant 
When the bull becomes unruly, traction on the rope brings him to his 
knees Some people believe this method to be the best way of taming 
VICIOUS bulb 

Ringing * Regardless of how easJy a bull may be handled, he should 
have a nng inserted m his nose It is a good plan to insert a nng at an 
early age (from six to eight months) m order that he may become accus- 
tomed to being bandied by the nng At this time a small nng tvso to two 

‘ Bain U S Dept Agr Buis 858 919, 923, 955 

* U S Dept Agr , Farmers’ Bui 1412 
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and one-fourth inches in diameter should be inserted, this is replaced by a 
larger ring at the age of 20 months to two >ears of age The ring is inserted 
in the septum of the nose, in an opening made with a trocar and cannula 
When It becomes necessary to replace the smaller ring ith a larger one. 
It IS usually not necessary to enlarge the opening in the septum Occa- 
sionally the nose is torn out, then it becomes necessary to insert the rings 
vertically through the upper portion of the nose, or to use special halters 
that are made for the handling of vicious bulls 
Tr immin g the feet. Because the bull is confined to a relatively small 
yard, his hoofs groiv much more rapidly than they are worn off Unless 
they are trimmed, the hoofs become so long that, m addition to bemg 
unsightly, they are painful to the animal, producing lameness by creatmg 
tension on the muscles and tendons At least once (better, t^vlce) a year 
the hoofs should be trimmed For this the bull is cast or put in stocks 
A pair of pmchers may be used in clipping off the toes , this is follow ed by 
the use of a rasp to smooth down the surface If the yard m which the 
bull esercises is covered with cinders or gravel, the hoofs may be worn 
down sufficiently to avoid the necessity of trimming 

Dehorning. While heifers should be dehorned when they are two or 
three days old, it is not advisable to dehorn the bull at this time for two rea- 
sons (1) If he IS to be sold, lack of horns may detract from his sales value 
(2) It IS considered a good plan to let the bull develop horns and find out 
how to use them before dehorning him Then when the horns are removed, 
the bull will be somewhat at a loss as to what to do This may be one way 
of takmg the meanness out of a vicious bull It is preferable to saiv the 
horns off when he is about 18 months to two years of age Details of de- 
horning COWS are treated in Chapter 34, these also hold for the bull 
Bzercising. Unless the bull gets sufficient exercise, he is likely to 
become impotent This is particularly true for older bulls On the average 
dairy farm the question of exercising the bull is a problem of no smil 
importance The first requisite for exercise is a yard of sufficient size 
However, even with a bull yard, many bulls refuse to exercise of their 
own accord It then becomes necessary to furnish some contrivance to 
force exercise- Some of the several means that have been resorted to are 

1 Suspending a block of wood by means of a chain from a cross bar Some 
bulls take delight in playing with this for hours at a time, thus getting 
the necessary exercise 

2 Chaining a strong barrel or similar solid object to the ground m the middle 
of the lot- Most bulls take pleasure m rolling a barrel or other object around 
the lot, and the diain prevents it from being pushed into the lot corner, 
from which the bull v\ould be unable to remove it 

3 Training the bull to work in a yoke, thus making use of his power for pro- 
ducuve work Inasmuch as considerable difficuhy is cxpcncnccd in training 
him and as he is nev cr to be enurdy trusted, this w ay of cxcrasing Uie licrd 
sire u not \ cry popular 

4 Using the treadmill Here, too, the bull might produce power for use in 
gnnding feed or pumping water Tins means is objected to because con- 
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any change. Some credence has been ^ven to the assertion that older bulls 
sire superior offspring. When, as frequently happens, a meritorious bull 
finds his way into better herds and is mated to superior cows, the offspring 
from such matings are naturally superior to his previous offspring; this is 
the only basis for the assertion. 

Service. Well-grown bull calves may be ready for light service ^vhen 
ten to twelve months of age. At two years of age, a bull has reached the 
maximum of his breeding powers; this is maintained until he is about six 
years of age. After six } ears of age there is a decline in the breeding powers, 
so that after eight years of age many bulls are slow and uncertain as 
breeders. Many bulls however, continue to be excellent breeders up to 
twelve to sixteen years of age. A bull should not be permitted to serve more 
than one or ttvo cows a ^veek until he is fifteen months of age. The number 
of services may then be increased so that at t^vo years of age, five services 
pw week may be permitted. As in most dairies the breeding is confined to a 
short season, a bull can serve for only 50 or 60 coivs. After six years of age, 
the number of services per week should be reduced ivith advance in age. 
A breeding rack should be used when large bulls arc bred to young heifers, 
as otherwise the heifer may suffer injury. When young bulls arc mated to 
large cows, the service may be facilitated by standing the cow in a shallow 
pit. 

Sterility. Sterility in the bull may seriously affect the breeding pro- 
gram of a herd. It usually requires several months to ascertain whether or 
not a bull is sterile; and after that some time is needed to acquire another 
bull. As a result the breeding of some cows may be delayed six months or 
more. This entails not only a loss in milk production but a disruption of 
the plans for seasonal freshening of the cows. 

There are many causes for sterility and little known about treatment 
that is effective. In some cases due to inheritance the bulls may be sterile 
from the beginning or become sterile while still young. Other cases are 
caused by disease and others by overuse. The part that nutrition plays is 
not understood. From available experimental data, it would seem that 
deficiencies in nutrition must be ra&er extreme to produce sterility. 

Low ascorbic acid content of the blood is associated with some cases of 
sterility but not related to the diet. Sterility due to this cause may be 
corrected by the subcutaneous administration ^ every three or four days 
of one gram of ascorbic acid dissolved in 5 cc, of sterile saline solution per 
1,000 pounds live weight. Feeding of ascorbic acid is ineffective, since this 
vitamin is destroyed in the digestive tract. The ascorbic acid solution 
should be made up fresh before each injection. 

Exercise is considered essential for maintenance of good fertility al- 
though c.xperimcnia! evidence for this belief is still lacking. 

^ pHiLUfs Jour. Am. Vet. Med. Assoc. 97:165. 1940. 
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Wmi THE INTRODUCTION AND RAPID DEVELOPMENT OF ARTIFICIAL IN- 
semmation the dairy industry has acquired a tool that %vill rank without 
equal m improving dairy cattle While there is still much to learn about 
the various aspects of this new device, sufficient is known to make it 
an established and well accepted institution No other innovation in the 
dairy world has developed as rapidly or met with as wide acceptance 
Virtually a new science has developed this innovation, dealing with the 
techniques involved in getting, handling, and storing of the semen , selec- 
tion and care of suitable bulls, insemination of cows, and the many 
problems incident to the organization and operation of artificial insemi- 
nation societies 

Historical The technique of inseminating by artificial means is not 
new The Arabs are reported to have artificially inseminated mares six 
centuries ago and for more than 150 years it has been generally knoism 
that the introduction of semen into the reproductive tract at the nght time 
will produce conception in many species 

The idea of using artificial insemination extensively m the breeding of 
dairy cattle, however, is of recent origin The Russians are credited with 
developing the practical aspects, based upon the discovery that semen may 
be preserved by cooling it This work began m Russia about 1909, when 
certain studs used artificial insemination m practice Beginning about 
1923, this method of breeding became more Tvidespread and by 1938, 
about 1,500,000 cattle, approximately 5 per cent of all cattle in Russia, 
were artificially inseminated 

Denmark was the next country to introduce artificial insemination of 
cattle on a large scale The work was started m 1936 and by 1947 ap- 
proximately 50 per cent of the inseminations of cows were artificial The 
first artificial insemination society in the United States was organized in 
New Jersey in 1 938 by E J Perry following his return from Denmark 
where he became impressed with the idea of its potentialities Since that 
time in spite of the intervening war years, the growth has been steady 

The following table shows the phenomenal growth of artificial insemina- 
tion societies in the United States 


v.„ 

Bulls in Service j 

Cows Brea 

1939 1 

33 1 

7 539 

1941 ' 

237 1 

70 751 

1943 

574 ; 

182 524 


6o0 

342 012 

1946 

1453 

1 125 040 
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Advantages of artificial insemination. Of the many advantages 
which can be cited m favor of artificial insemination, the more important 
arc as follows 

1 The greatest advantage is that of widely extending the use of a good 
proven sire and making his services available to many who otherwise could 
not afford it With the use of newly developed techniques of artificial 
insemination it is possible to mate a bull to several thousand cows annually 
By natural service a hundred would be the outside number 

2 For small herds the cost of bull service is greatly reduced The cost 
of keeping a bull is about the same as that of a milking cow 

3 Good proven bulls may often be used for artificial service after they 
become incapacitated for natural service 

4 Artificial insemination is one of the most effective means of control- 
ling venereal diseases such as trichomoniasis, since the bull ma^ be kept 
fr^ from contamination It should be emphasized that infected bulls under 
artificial insemination service extend any infection more than under 
natural service, by virtue of the much larger number of coivs served 

5 Matings may be made between animals at great distances Semen 
shipped from a Jersey bull m Bucks County, Pennsylvania to Australia 
resulted m at least one calf 

6 Artificial insemination guarantees the elimination of mjury to small 
cows and young heifers that often occurs from natural service to large 
bulls 

7 Young bulls can be proven more rapidly and with less nsk to any one 
individual by mating 30 or 40 cows scattered among different herds 

Disadvantages of artificial msemmation It should be recognized 
that there are some disadvantages connected with artificial insemination 
even if the work is done as is essential, by a skilled technician 

1 The owner must detect the cows that are in heat and report to the 
insemination service in tune for insemination Failure to do this is the most 
common cause of delayed breeding 

2 Because of the delay between ordermg the semen and the actual 
insemination, cows are sometimes inseminated too late for conception 

3 Under most setups it is not always possible to obtain the semen from 
the bull that is the most desirable 


THE TECHNIQUE OF ARTIFICIAL INSEMINATION 
With the extension of artificial insemination great strides have been 
made in the development of techniques in the collection of semen, its 
dilution, storage, and transportation and in the technical aspects of the 
introduction of the semen into the female tract Much more research is 
still needed to improve still more the effectiveness of the methods used 
Underlying all of this work is the understanding of the anatomy and 
physiology of the reproductive organs and their accessories in both the 
male and the female 
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to 12 cm to tvidths of 1 2 to 1 5 cm into what is known as ampullae, the 
storehouses for the sperm Massage of the ampullae will often cause an 
ejaculation The ducts then pass under the body of the prostate gland and 
enter the urethra just below the seminal vesicles 

The seminal vesicles^ lying one on either side of the ampullae, are 6 to 
10 cm long and 3 cm thick Each one is a thick, walled tube bent on itself 
in a tortuous manner They empty into the ampullae alongside the point 
at which they empty into the urethra The seminal vesicles secrete a thick 
viscous fluid which is alkaline and contains globulin This secretion is 
added to the contents of the ampullae and serves as a carrier for the sperm 
The pToslate is a small accessory gland located at the neck of the bladder, 
surrounding the urethra It measures 3)^ to 4 cm by 1 to 1 5 cm It has a 
branched lobular structure The secretions, which are alkaline, run di- 
rectly into the urethra through a senes of ducts The function of the secre- 
tion IS not known but it is thought that it aids m cleaning out the urethra 
The Cowper's glands or bulbo urethral glands are two small glands one 
on each side of the urethra Each has a single duct emptymg directly into 
the urethra to mix with the secretions of the prostate and the products of 
the ampullae when expelled into the urethra 
'Dxt perns serves to empty the bladder and as an ejaculatory organ The 
outstanding feature is an S shaped flexus just posterior to the scrotum m 
which about one foot of perns is folded back On erection the flexure is 
effaced 

The female oegaos of repcoduetton The female reproduction organs 
begin, at their inner terminus with the ovanes, which are followed by the 
Fallopian tubes or oviducts, the uterus cervex, vagina, and finally, the 
external vulva 

The ovanes consist of one oval body on each side measuring 3 5 to 4 5 
cm in length, 2 5 cm m wdth, and 1 5 to 2 cm in thickness They are 
located near the middle of the pelvic inlet on cither side — in the nonpreg 
nant female They arc rather easily palpated through the rectum In 
advanced pregnancy they may be drawn considerably forward 

The ovanes produce the eggs or ova and also two important hormones 
Estrogen or the female sex hormone is produced by the follicles as they 
develop The secretion of this hormone is at its height ivhen the follicle is 
near Us rupture state and the egg is npc It is this hormone that produces 
the heat or estrus symptoms 

Upon rupture of the follicle, it is replaced by a yellow body known as 
the corpus luteum This body produces another hormone known as pro 
gesterone or the pregnancy hormone If pregnancy ensues, this body be 
comes persistent during the gestation period when its secretion is essential 
to maintain the gravid state Expulsion of the corpus luteum produces 
abortion If pregnancy docs not ensue folloiving ovulation, the corpus 
luteum regresses and neiv follicles occur to repeat the process, normally 
requiring 21 days for a complete cycle 

The secretion of the two ovarian hormones is regulated by pituitary 
hormones known as gonadotropins There are two of these, one known as 



DAIRY SCIENCE, SECOND EDITION 

FSH — follicle stimulating hormone 
— uhich causes the follicle to grow 
and secrete estrogen The other 
known as the LH or lutemzing hor- 
mone, causes the corpus Juteum to 
grow It ts generally held that est- 
rogen depresses the secretion of FSH 
and progesterone that of LH This 
interaction is alleged to be respon- 
sible for the c>cltc rhythm 

The ovaries are subject tomalfunc 
tion, some of which can be detected 
Fig 61 This IS a fully developed ^y exammaiion of them through the 
egg six days after fertilization It is rectum by skilled operators An ex- 
120 micra ( 12mm ) in diameter ^ sy^h an ex- 

amination whether follicles, corpora 
lutca, or cysts are present The stage of the c>cle can also be reasonably 
estimated C>sis can be ruptured and persistent corpora lutca can be 
expelled, ho\Never, these operations should not be attempted by anyone 
not skilled in the art 

Fallopian tubes are two in number, one from each ovary to the tip of 
the horn of the uterus on the respective sides They are long, slender, some- 
what flexuous tubes for the conveyance of the eggs from the ovary to the 
uterus The egg escapes from the ripened follicle at its rupture mto 
the tube It is in the tube that the egg is fertilized by sperm that travel up 
the tube assisted by the ciha found m its walls 
The occlusion of the Fallopian tube as the result of infections is a cause 
for sterility Whether other possible dysfunctions of these organs contrib- 
ute to sterility is not know n 

The uterus is a hollow organ consistingof a body and Us o horns The body 
IS only 3 to 5 cm in length and each horn from 3a to 40 cm long m the 
nongravid condition The horns taper and curve to form a spiral cod 
laterally Implantation occurs in the homs and under this condition they 
enlarge enormously and are drasvn forward mto the abdommal cavity 
The uterus is suspended from the dorsal svall of the cavity by strong 
ligaments knossn as the dorsal ligaments 

The walls of the uterus are thick and muscular The inside of these 
walls are provided svith uterine cotyledons, oval prominences numbermg 
a hundred or more These cotyledons form the basis for connection wath 
the fettd membranes 

The uterus is subject to malfunction which prevents implantation of the 
embryo Some of these are suspected to be of endocrine ongm while 
others are due to a pathological condition 

The cervix is about 10 to 12 cm m length and 3 cm m thickness Its 
wall is very firm and the lumen, knmvn as the cervical canal, is spiral and 
invested with several folds The cervical canal is tightly closed and because 
of the folds it is difficult to penetrate Goblet cells m the cervix walls 
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secrete a mucus %vhich is especially thick during pregnancy, ivhen it forms 
as a mucous seal During estrus the cervical canal relaxes somewhat 
The cervix protrudes into the anterior part of the vagina where it may be 
plainly seen through a speculum 

The vagina m the nonpregnant cow is from 25 to 35 cm in length It 
is invested with numerous folds and has great capacity for enlargement 
The walls of the vagma secrete mucus and maintains in normal conditions 
a constant bacterid flora Just what part abnormalities in the secretions 
of the vaginal walls may play in infertility is largely a matter of conjecture 
at the present 

ChaTacUnsttcs of smen Normal semen is an opaque light creamy to 
creamy fluid that is somewhat viscous It consists of fluid and cellular 
parts The fluid serves as a carrier and nutrient medium for the sperm 
The fluid IS chiefly secretion products of the seminal vesicles, prostate and 
Cowper’s glands The cellular part consists of the spermatozoa products of 
the tubules of the testes Normal sperm arc somewhat tadpole like m struc- 
ture, consistmg of a headpiece, middlepiece, and tail The total length is 
about 10 raicra The concentration of sperm vanes greatly from very few 
m a condition known as aspermia to several thousand million per milli- 
liter ^ The volume per ejaculate also vanes widely from 2 to 10 ml The 
pa of bull semen ^so vanes * with an average or normal of about 6 5 
Bull semen has a high buflering value ’ at two pomts, one on the acid side 
between pH 4 0 to 5 5 and the other on the alkalme side at pH 9 0 to 10 00 
Collecting semen The objective in collection of semen is to get a com- 
plete ejaculation free from contammation The artiflcial vagina and other 
appurtenances are now standard equipment in veterinary and livestock 
supply houses The important points for consideration xs the proper 
handling of this equipment and the bull First m importance is the pomt 
of having the artificial vagma and all parts with which semen comes m 
contact absolutely clean and sterile This is essential to prev ent contamma- 
tion of the semen and to avoid taking the chance of mfcctmg bulls by 
Contamination of the artificial vagina from a previous service All long 
hair from the sheath should be clipped 

The next important phase is that of havmg the artificial vagma warm 
and lubricated It should be warmed with water introduced in the water 
jacket so that the inside temperature is 105® to 1 10° F This inside tempera- 
ture IS usually attained b> filling the jacket with water at 132° F The 
inside of the vagina should be coated with petroleum jelly or vaseline, 
preferably applied with a long glass rod About half of the warm water in 
the jacket should be removed just before service 

One of the really big problems in artificial insemination centers is that 
of so handling the bulls to get prompt and full ejaculations In all cases 
It IS important to avoid any unpleasant incidents that the bull may as- 
sociate with the act Many bulls have become unusable for artificial m- 

* Eduards G Biology of Human AiTam 12 121 1947 
*S\vanson,E. W AXD Herman H A. Jour Dairy 5^24 321 1941 
•Sedcuicr,E S andAsdell,S A Cornell Vet 30 499 1940 
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semination work because of accidents m the first attempted service Bulls 
vary greatly in the way that they respond to different people and environ- 
mental conditions Careful study of the factors that favor or deter from 
the best performance of each bull in a stud and adjusting the techniques 
accordingly is essential for the best results 

The Nciv Jersey Experiment Station * reports that when two ejaculates 
are taken m succession, the second exceeds the first by about 75 per cent 
m volume, with about the same sperm concentration per milliliter and 
slightly greater longevity of the sperm They report that when a bull has 
not been used for a week or more the first ejaculate was frequently “small 
in volume and watery in nature *’ In such cases a second sample should 
always be taken 

Semen has been taken by other methods than by the use of the artificial 
vagina One involves the removal of the semen from the vagina of a cow 
served naturally This method is not satisfactory, largely because of the 
contamination of the semen from the vaginal secretions Another is the 
massage of the ampullae via the rectum, by which their contents may be 
expressed Two operators are needed — one to do the massaging and the 
other to collect the semen The volume is usually small and often con- 
taminated with urine This method is restricted, therefore, to bulls that 
refuse or are unable for physical reasons to use the artificial vagina 

Care of collected semen Cooling Sudden cooling is harmful to 
sperm Therefore, in cold ucaiher, the collecting tube of the artificial 
vagina should be protected against exposure First, immediately after the 
ejaculation the tube should be protected by inclosing it in one hand while 
the other hand holds the vagma perpendicularly for drainage of the semen 
Upon completion of this act, the tube should be stoppered and placed in 
a thermos bottle at 82” to 85” F until taken into a warm room for further 
preparation If it is to be used within two hours, it may be kept at this 
temperature If its use is to be delajed, it must be cooled gradually to 
about 41” F Proper cooling to ihis temperature is obtained by immersing 
the tube containing the semen m a pint of water at 80“ F and placing in 
a mechanical refrigerator Anoihcr method is to place the tube containing 
the semen in a closed pint jar containing an inch of cotton, before puiung 
into a rcfngcrator at 41“ F 

Dilution oj stmen A number of diluents have been dci cJopied for diluting 
semen, and make it possible to increase the number of cows that can be 
bred from one ejaculate and that facilitates storage of the semen In 
experiments* with appropriate diluiers good results have been obtained 
wuh dilutions up to 100 times The more customary dilutions arc 1 to 16 
tunes or less 

There hasc been developed several satisfactory dilutcrs, of which the 
follow ing arc most commonly used 

1 The phosphalc-egg yolk diluent* is prepared bv adding to 100 mL 


» PtRRV E. C AM> Bartlxtt J H ^ C Apr E*pt Sia- Exicnuon UuL 2J5 1943 

» Sausbi-ry G W Jour Dairy Sc» 29 695 1946 

•PjiWUJW F H asdI'awiv, I! /Vjour D-irySo 23 399 19*0 
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boiled distilled water, 2 0 grams mono potassium phosphate (KH 2 P 04 ), 
2 0 grams disodiumphosphate {Na 3 HP 04 12 HaO), and an equal volume 
to the above mixture of egg yolk 

The yolk should be from fresh eggs After the egg is freed from albumin, 
It IS held over a sterile dish and the membrane cut to permit the yolk 
material to flow out Extreme care should be taken to prevent contamina- 
tion The yolk should be added to the phosphate mixture at about 100® F 
Another diluent, developed at Cornell University,^ is known as the yolk- 
citrate diluent It is equal in preservative value to the phosphate-egg yolk 
diluent and has the advantage that the fat particles m the >olk are dis- 
persed to make possible microscopic examination of the sperm m the 
diluent A M/15 solution of sodium citrate is used with equal volumes of 
egg yolk The M/15 sodium citrate is made up by mixmg 4 7 grams of 
2Na3C8H807 IIH 2 O to 100 ml with boilmg distilled water This mixture 
IS cooled to room temperature before the egg yolk is added 

The degree of dilution will depend upon the quality of the semen and 
the amount needed While satisfactory results have been obtained by 
great dilutions, it is still advisable to keep dilutions to a minimum Diluting 
one volume of semen to 16 with standard diluents is now done routinely 
by many workers when the original semen is of good quality Others still 
prefer not to dilute beyond 1 to 6 

The diluents should be ready before the semen is taken, and should be 
adjusted to the right temperature — that of the semen sample — when the 
mixmg IS done Immediately after dUution,^e samples should be cooled 
under the conditions previously desenbed ^e cool storage is necessary 
to conserve the energy of the sperm and to\cep bacterial development 
low ) 

T/sIsJqt semen quality There are a number of tests that can be applied 
to semen samples that wiU assist m evaluating its probable fertihzmg abil- 
ity, however, there is as yet no known method that is mfallible By ap- 
propriate tests some samples can be elimmated that arc of no value, but 
samples that pass known practical tests may still have poor fertdizmg 
value Following are some of the more important criteria 

1 Physical appearance If the specimen appears watery, yellow, or pink, 
the chances are that it will not be good enough to use 

2 Volume of ejaculate This will vary with different bulls, but if the 
volume IS much smaller than normal for a particular bull it is likely to be 
of poor quality A second ejaculate should then be taken 

3 ^6norTnal sperm When examined microscopically, the sperm should 
show normal proportions of head, middlepiece, and tail The tail should 
extend straight from the middlepiece When the tails are absent or 
crooked or the beads misshaped in any significant number, it is of low 
quality and should be discarded or used undiluted 


» Saussurv, G W , Fcixer H K , aad Wkxett, E L Jour Dairy Sa 24 905 



264 


DAIRY SCIENCE, SECOND EDITION 


4 MoUUi) When a drop of undiluted semen is observed microscopi- 
cally under a cover slip at about 100* F , there should be a vigorous 
SNviriing motion Good fresh semen should have 85 to 95 per cent of the 
sperm motile Semen with a mouhty of 50 to 60 per cent may be used but 
should not be diluted The most significant aspect about motility is its 
persistence, good semen retains Jis rate of motility after storage In addi- 
tion, the length of time a sample of semen ivill remain motile under 
incubation conditions gives promise of being a good indicator of its 
quality * 

5 Methylene blue reduction Adding a standard methylene blue solution 
to semen and noting the time required for decolonzation, svas at one tune 
considered a good test for semen quality The good specimens were be- 
lieved to decolorize faster because of iheir greater metabolic rate hlore 
recent work has shown this test to be of little value 

6 Respiration rate A rather simple apparatus has been devised * to 
measure the respiration rate of semen Its value m predicting semen 
quality has not been established 

7 pH oj semen The pH of the original sample of semen likewise has 
not been shown to be of any practical value in establishing its quality 

Sbippmg semen It is important ihat semen stored under refrigerator 
conditions not be wanned up in shipment To prevent this a number of 
devices have been constructed The simplest is that of putting the semen 
samples in a well insulated cardboard box or large mailing tube in which 
IS placed sufficient quantities of ice, held m ordinary nibber balloons The 
semen tubes should be protected from direct contact with the ice by suit- 
able wrapping with paper 

Insemination For introduction of the semen a glass syringe is con- 
nected by means of rubber tubmg to a glass tube about 16 inches long, 
with a 1 mm inside and at least 6 mm outside diameter The end of 
the glass tube is fircpolishcd This tube is sterilized and a fresh one used 
for each insemination 

There arc three methods of introducing the semen The simplest and 
least satisfactory is that of depositing it m the vagina somewhere near the 
OJ uteri The second method requires a speculum that permits view of the 
cervix while the inseminating tube is inserted into the os for the implanting 
of the semen The third method — one that is gaming in favor — is com 
monly known as the rectal method because one hand of the operator is 
placed in the rectum where the cervix is grasped while the other hand 
guides the inseminatmg tube through the vagina into the os By manipula- 
tion of the cervix through the rectum the tube in most cases may be easily 
passed through the cervical canal into the uterus During estrus the cervix 
is usually relaxed The semen may be partly deposited m the uterus and 
partly in the cervix as the insefflinating tube is withdrawn Some object 

« Personal Commumcation from Dr T M Ludnick. Umv of Kentucky 

* CowsTOCK R. E AJ.D Green, W W Amer Soc. Arum. Prod. Proc. 32nd. Ann. 
iltg 213 1939 
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to any deposition in the uterus, clauning danger from possible bacterial 
infection In Denmark, on the other hand, insemination into the uterus 
proper is a routine operation 

'Die amount of diluted semen used vanes somewhat Some use as little 
as dJ generally, however, 1 to ml is used 


CO-OPERATIVE ARTIFICIAL INSEMINATION SOCIETIES 
Artificial insemination societies vary from small local units having one 
mseminator and breeding as few as 1,000 cows to statewide organizations 
employmg scores of mseminators and breeding more than 100,000 cows 
annually The trend is toivard the organization of the larger units because 
of their several advantages Because of the greater number of cows that 
can be served by one hull m the larger units, the cow service cost is re- 
duced For that same reason better and higher priced bulls may be ob- 
tamed The larger unit has a lower cost of maintenance per bull and can 
have better facilities for handling them The larger organization can also 
have better laboratory facilities and technicians These advantages offset 
the disadvantage of shipping the semen to the outlying centers 
The success of an artificial insemination society depends upon many 
factors The first is that the conception rate must be equal or nearly cqutil 
to that obtained by natural service Oft repeated services for conception is 
listed as a complaint of the first order which has been responsible for 
many departures from the organization — irrespective of who was at fault 
High conception rates are dependent on fertile bulls and good technique 
in the handlmg of the semen and m the actual insemination Therefore, 
one of the first requisites is that of obtaining the best possible technicians 
and managers Herd owners are also often at fault m not reportmg the 
cows in cstrus until too late 

The most important long-time factor in the success of the society is that 
of having enough cows within a sufficiently short geographical radius as 
not to make the cost prohibitive A minimum of 1,000 cows within a 
radius of 15 to 20 miles has been set as the lower basis for a unit to succeed 
Good mseminators ivith uniform distribution of breeding throughout the 
year can handle 3,000 or even more cows within a radius of 20 miles 

Adequate finance is another important factor the lack of which has 
caused many associations to fail The service fee should be high enough to 
permit the building up of a surplus and still not so high as to discourage 
new members The larger the volume of business the lower will be the 
cost 

It is imperative that the bulls used be free of any communicable disease 
It IS obvious that, because of the large number of cows served by one bull, 
mfcction, if It occurs, can be spread widely 

I-astly, the problem of helping members with a breeding program and 
setting up a s>stcm where >oung bulls are developed and proven is a 
phase that must be given more attention tlian has heretofore been the case- 
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RESULTS OF ARTIFICJAL BREEDING 

Artificial insemination is stiU too new to have extensive data on ac- 
complishments The first published analysis ^ of the oldest association 
compared 120 daughters of artificially sired daughters with their dams 
with the following results for 305-day lactation periods 



Pounds of Milk 

Pounds of Fat 

120 “artificial” 

' daughters 8,557 

329 9 

120 dams 

7,823 

287 7 


Increase 734 

42 2 


This IS an increase of 14 per cent in fat and 9 3 per cent in milk 
In the March, 1948 analysis of the performance of 13 proved Holstein 
sires by the New York Artificial Breeder’s Cooperative, Inc , daughters of 
the bulls were compared with their dams at different levels of production 
The results arc presented m the folloivmg table 


Dum Product on 

Ceapstuen ol 

Milk 

Fat 

Up to 299 pounds/at 

25 daughters 

25 dams 

9 635 

7 959 

541 

265 

300- ■^9 pounds fat 

Dtffertnce-' >• 
49dau^ters 

49 dams 

+ 1 676 

10 356 

9 679 

+ 76 

360 

332 

3S0-399 pounds fat 

Difcrenee- > 

71 daughters 

71 dams 

+ 677 

11 688 

10 953 

+ 33 

419 

375 

400-449 pounds fat 

Dt^ttenct — *- 
96 daughters 

96 daughters 

+ 735 

12 013 

12 092 

+ 44 

423 

425 

450 pounds fat and over 

Difftretut — >- 
123 daughters 

123 dams 

~ 79 

13 236 
14061 

- 20 
480 

511 


Dt^rrtnce — *- 

- 825 

- 31 


It will be noted that these bulb sired daughters with greater production 
than their dams when the dams did not average more than 375 pounds fat 
When the dams averaged above 450 pounds of fat, the daughters of these 
bulls averaged less than their dams 

Comparative conception rates Numerous studies have been made on 
the comparative conception rates for artificial insemination and natural 
service As would be expected considerable variation is found in these 
reports, the mam influences being the techmcal skill employed and the 
state of fertility of the bulls used Co-operation on part of the herd owners 
m promptly reportmg the cows to be bred in also a factor The importance 
iPerhv E.J AND Baatixtt, J IV N J Agr E*pt- Sta- Ore 48? 1944 
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of the time of breeding with relation to the estrus stage is brought out by 
studies at the Nebraska Station ' Inseminating cows m various stages 
they report the followng 


Stage Bred 

Rate ^ 
{FtrCenI) 

Nuoibet of 
Cows Br^ 

Start of estnis 

440 

25 

^liddle of estrus 

82 5 

40 

Middle of estrus and rebredin 24 hrs 

84 0 

25 

End of estrus 

75 0 

40 

6 hours after end of estrus 

62 5 

, 194 

12 hours after end of estrus 

32 0 

1 40 

IS hours after end of estrus 

28 0 

25 

24 hours after end of estrus 

12 0 

! 25 

36 hours after end of estrus 

80 

25 

43 hours after end of estrus 

00 

25 


From all of the reports it can be concluded that the conception rate 
from artificial service can be as high as from natural service 
1 Trimsurcer, G W ako Davis, H P Agr Expt Sta Research Bui 129 1943 



THE PUREBRED BUSINESS 


269 


Purebred vs grade Recent comparison of grades and purebreds that 
were tested in Dairy Herd Improvement Associations showed that the 
purebreds have produced about 25 pounds more butterfat annually than 
the grades It is claimed by some that this is not a significant difference, 
and as a result purebreds have been subject to criticism on the grounds 
that they are not superior to grades The cnticism is unwarranted, first, 
m that the difference is significant, and second, in that the comparisons 
are not justified Dairy Herd Improvement Association records include 
the better grades , this is evidenced by the fact that the average butterfat 
production for all cows in testing associations is 349 pounds of fat, while 
the average for all cows milked m the Umted States is reported as bemg 
190 lbs of fat ^ Since many of the purebreds tested in Dairy Herd Improve- 
ment Associations arc from herds wnth mixed grades and purebreds 
(beginners m breeding purebreds), the purebreds would naturally not be 
as good as those from older purebred herds Dairy Herd Improvement 
Association figures, therefore, compare the best of the grades with the 
poorer of the purebreds This is supported by the fact that in Dairy Herd 
Improvement Associations, where good purebred herds are entered, the 
purebred usually leads wth the highest production records While the 
Advanced Registry records arc not dirccUy comparable with the Dairy- 
Herd Improvement Association records because of the better conditions 
under which the Advanced Registry records are made, such records are 
given for what they are worth, and are as follows * 


Guernsey s 
Holsteins 
Jerseys 
Brown Swiss 
A>Tshires 


500 8 lbs of fat 
572 1 lbs of fat 
457 5 lbs of fat 
546 0 lbs of fat 
364 5 lbs of fat 


These are, as is noted, considerably higher than the average of 349 pounds 
of fat for all cows tested in the Dairy Herd Improvement Associations 
The important pomt in discussing the relative merits of purebreds and 
grades is not so much the differences in averages, but that there are 
purebred herds which arc much superior m their produemg ability to any 
grade herds As the future grades must come from the purebreds of today, 
It IS encouragmg to note that there arc a large number of purebred her^ 
of superior producing ability It is not to be argued that all purebreds 
are superior If the same amount of cuUmg were practiced m the pure- 
bred herds as has been practiced m the grade herds, the purebred averages 
would be considerably higher than they now are One of the very im- 
portant steps that the purebred breeders can take, and must take for their 
own security, is that of more ngid cuUmg of the loiver produemg groups 

Besurability of breeding purebred cattle For one who is desirous of 
making a permanent contribution to agnculturc the breeding of purebred 
cattle is commended, provided he has the proper qualifications By de- 

' Report of Chief Bur D> Ind.Scp 1,1947 

* Figures furnished by the Breed Associations 
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A PUREBRED ANUtAL IS GENERALLY UNDERSTOOD AS ONE THAT TRACES 
back through all of its lines to the foundation stock of the breed it repre- 
sents To this must be added those animals that have been graded up by 
successive use of purebred bulls to become eligible for registration in the 
herd books of the breed associations that have provisions for this system 
The Shorthorn and Danish Reds have grading up provisions patterned 
after that used in Great Britain for dairy breeds 'IVhen purebreds are 
registered with the breed association, they arc known as “registered” 
stock Purebreds are sometimes incorrectly referred to as “thoroughbreds ” 
Another term used, but not considered good form, is “full bloods ” 

While the number of purebreds comprises but a relatively smnll per- 
centage of all dairy cattle, the purebred business has been one of the most 
influential factors in the development of the dairy industry The breeders 
of purebred cattle have not only furnished purebred bulls that have graded 
up the dairy herds, but through individual effort and their breed associa- 
tions, they have been responsible for the initiation and prosecution of 
many of the most far reaching dairy development programs The general 
aspiration of the breeder of purebred cattle to breed superior stock has 
resulted m immcasurcablc improvement of the purebreds This, tn turn, 
has been reflected in improvement of grades where purebred bulls have 
been used The hope of future improvement of dairy cattle lies mainly 
\vilh the breeders of purebred cattle If they make rapid stndcs m im- 
provement, the general level of dairy cattle will be raised proportionately 
Extent of the purebred business Accurate information as to the 
exact number of purebred dairy cattle in this country is not nvaiJable 
A fair estimate is that between 5 and 6 per cent of all dairy cattle are 
purebred The actual number as v\eli as the percentage of all dairy cattle 
that arc purebred is on the increase From 1920 to 1930 it was estimated 
that the percentage of purebreds rose from 3 1 to approximately 5 During 
the 1930’s many purebred cattle v>crc not register^ because of the cflccti 
of the depression Interest in purebred breeding was at an all time lugh, 
with the largest registration ever recorded m 1947 

The roam purpose of the purebred is not to furnish milk for the market, 
but to supply bulls for use in the dairy herds of the country At pres- 
ent there arc only enough purebreds to furnuh one half of the hulls 
used in the United States How many purebreds will (k needed to 
furnish bulls for the future is open to conjecture The number of bulls 
needed can be reduced by using bulU for a longer period of service and 
through co-operatne ownership How soon changes m this dircciion w 
take place, only time will tell 


26S 
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Purebred vs grade. Recent comparison of grades and purebreds that 
were tested in Dairy Herd Improvement Associations showed that the 
purebreds have produced about 25 pounds more butterfat annually than 
the grades It is claimed by some that this is not a significant difference, 
and as a result purebreds have been subject to criticism on the grounds 
that they arc not superior to grades The criticism is unwarranted, first, 
m that the difference is significant, and second, in that the comparisons 
are not justified Dairy Herd Improvement Association records include 
the better grades, this is evidenced by the fact that the average butterfat 
production for all cows in testing associations is 349 pounds of fat, while 
the average for all cow^ milked m the United States is reported as being 
190 lbs of fat * Since many of the purebreds tested m Dairy Herd Improve- 
ment Associations are from herds with mixed grades and purebreds 
(beginners in breeding purebreds), the purebreds would naturally not be 
as good as those from older purebred herds Dairy Herd Improvement 
Association figures, therefore, compare the best of the grades with the 
poorer of the purebreds This is supported by the fact that m Dairy Herd 
Improvement Associations, where good purebred herds are entered, the 
purebred usually leads with the highest production records While the 
Advanced Registry records are not directly comparable with the Dairy 
Herd Improvement Association records because of the better conditions 
under ivhich the Advanced Registry records are made, such records are 
given for what the> are worth, and arc as follows * 


Guernseys 
Holsceins 
Jerseys 
Broivn Swiss 
Ayrshircs 


500 8 lbs of fat 
572 1 lbs of fat 
457 5 lbs of fat 
546 0 lbs of fat 
364 5 lbs of fat 


These are, as is noted, considerably higher than the average of 349 pounds 
of fat for all cows tested in the Dairy Herd Improvement Associations 
The important point m discussing the relative merits of purebreds and 
grades is not so much the differences in averages, but that there are 
purebred herds which are much superior m their producing ability to any 
grade herds As the future grades must come from the purebreds of today, 
It IS encouraging to note that there are a large number of purebred herds 
of superior producing ability It is not to be argued that all purebreds 
are superior If the same amount of cullmg were practiced m the pure- 
bred herds as has been practiced m the grade herds, the purebred averages 
would be considerably higher than they now are One of the very im- 
portant steps that the purebred breeders can take, and must take for their 
owm security, is that of more rigid culling of the lower producing groups 

Desmability of breeding purebred cattle. For one who is desirous of 
making a permanent contribution to agriculture the breeding of purebred 
cattle is commended, provided he has the proper qualifications By de- 

^ Report of Chiel Bur Dy Ind , Sep 1,1947 

* Figures furrushed by the Breed Associations. 
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velopmg supenor cattle a contnbuUoa is made to agnculture that is more 
far-reachmg than is usually granted 

Attention has already been directed to the ivork of the great English 
breeders m developing supenor strains of livestock, the benefits of which 
have extended to this time Bates alone started the Milking Shorthorn, 
descendants numbering into the hundreds of thousands owe their dairy 
hentage to the i^ork of this one man The work of Daunccy wath Jersey's 
is of a similar magnitude, and that of many others can be cited 

Possibilities still exist of dcvelopmg strains that have the same relaUve 
supenonty Bates’ Shorthorns did over the common Shorthorn of his day, 
and that may have the same far-reaching effect upon the future of any 
breed In addition to the challenge of producing someihing that will 
contribute to improved cattle for all time, the breeding of purebred cattle 
offers many other desirable features For those who like art there is the 
challenge to the production of beautiful animals and the shownng of them 
The purebred breeders have formed a fraternity from which much can 
be gained The roster of purebred breeders of dairy cattle contains many 
of the leading names of successful leaders m Amcnca, including several 
presidents of the United States 

Qualifications for the breeder of purebred cattle* Not only must the 
breeder of purebred cattle be able to care for a dairy m the same >vay that 
an ordinary dairyman must, but he must possess a number of additional 
qualifications for success First of all, he must be honest and have a 
reputation for honesty The very nature of the purebred business depends 
upon the mtegney of those who breed cattle The breeder must report the 
parentage of ammals bred by him, and unless he has a reputation for 
honesty and imcgnty, hide faith will be had in the cattle that he breeds 
To be successful in breeding purebred cattle, a man must be somewhat of 
an idealist, in that he must be able to vision a goal low ard w hich he aspires 
to dev clop his cattle Then he must know the fundamentals of breeding so 
that he will be able to map out a comprehensive program in his attempt to 
reach the ideal goal Lastly , if he wishes to make a financial success of his 
enterprise, he must possess business ability The successful execution of the 
purebred business requires a business ability quite different from that 
required m produemg and marketing milk Some of the roost successful 
pnilucers of milk have failed in the breeding of purebred cattle. With all 
of these qualifications as requisites for success in the breeding of dairy 
cattle. It IS no wonder that this business has challenged so manv outstand- 
ing men in conicmfXJrary Arocncan life 

Regutralion. Wide not all purebred cattle arc necessarily registered, 
registration furnishes the only proof of animals being purebred Each 
breed association has dcvelopwl an excellent system of registration One 
of the chief objects of a breed assocuiion is that of registering the cattle 
and the accurate keeping of records- Each breed association requires that 
to register an animal, an application to the association must first lx made 
on the proper fornu, this application cames the necessary atfidaviu as to 
the correct parenuge of the amroa! 
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Testing. While all systems of testing are open to the breeders of pure- 
bred cattle, there are two systems that arc restricted for the use of breeders 
of purebred cattle These are the Official Test and the Herd Test systems 
Each of these systems has been discussed under each of the breeds The 
keeping of production records was first limited to purebreds Breeders of 
cattle should always have the keenest mtcrest in securing production 
records For the otvner of grades, production records are of use in deter- 
mming the economy of production For the purebred breeder, m addition 
to this value, records have an additional value m the proper evaluation of 
the genetic makeup If it is argued that all grades should be tested, it is 
mfimtely more important that all purebreds should be tested There is 
nothing in the business of breeding cattle that is so essential as that of 
securmg production records on every individual 

Public sale. Since there is no market where the values of purebreds 
are determined, as there is for butter, beef cattle, and other standard 
commodities, it is necessary for purebred breeders to find some way of 
ascertaining the values of purebreds This need has found expression in 
the public sale, of which there are tivo kinds the consignment sale, and 
the individual sale The consignment sale is a sale where a number of 
breeders each consign one or more animals Aside from the ulterior motives 
that the promoter of such a sale may have, its pnme purpose is to establish 
values for purebreds The individual sale may be held for several reasons 
It may be a “closing out” sale when the breeder decides to quit the busi- 
ness, or It may, in the breeder’s judgment, be the easiest \say of disposing 
of surplus stock Whatever the reason, the individual sale, like the consign- 
ment sale, contributes to the establishment of values for the purebreds 
There are many advantages and disadvantages m the public sale In 
addition to bemg an instrument for establishing values, it may be a 
convenient instrument for the disposal of surplus stock Since the animals 
offered at public sale must be sold to the highest bidder, the consignor is 
takmg considerable chance in getting full value for his consignment 
Unfavorable weather or other conditions may limit the number of buyers 
eind result in greatly lowered prices Frequently, however, the public sale 
vs responsible for the highest prices paid for cattle If two or more people 
become interested in the same animal, the sales management, who are 
experts in sales psychology, will see that a top price is obtained Auction- 
eers are rated upon their ability to arouse enthusiasm among the buyers 
The beginner who proposes to buy cattle at an auction sale would do well 
to solicit the aid of someone who is more expenenced The unsophisticated 
person is very likely to be sivept along on the wave of enthusiasm created 
by the sales management, this accounts for some unreasonable sales prices 
^Vhlie most auction sales are conducted honestly, there is the danger of 
some “by-bidding ” This practice is forbidden, and no honest organization 
will tolerate it. 

Advertising, It is up to the breeder to find his own market, smee there 
IS no well-established market where values are fixed and to which a breeder 
may consign hu surplus animals In order to find a satisfactory market, it 
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IS necessary that the breeder be bnotvn not only for his honesty but also for 
the quality of his stock It is, therefore, to his advantage to get himself and 
facts about his cattle before the public at every possible opportunity 
Paid advertisements in publications reaching potential bujers are a 
common and effective means of informing the public about animals 
offered for sale There are, boivcver, many other ways by which a breeder 
can keep himself and his breed before the public Some of the more im- 
portant ones are 

1 Maintenance of a neat farmstead with a wcll-choscn farm name placed m a 
conspicuous place 

2 Acting as host to farm mccungs This not only brings the breeder in contset 
with the attendants at the mccung, but gets him addiuonal publiaty in the 
pubhazmg of the mceung 

3 Showing mcntonous animals at ihe proper shows This is a very effective 
means 

4 Furnishing news Items Having news ilcms about his herd in the local paper* 
as well as in his breed publicauons is most cffccuvc 

5 Public service A breeder should never turn down an opportumiy to serve 
as an officer in his breed association or other chances at public service. 

6 Attending breed meeungs He should make special effort to attend all meet 
mgs, sales, and picnics sponsored by his bre^ 

Naming the farm and the cattle As has been pointed out, a breeder 
should always stnve to keep hts name before the public One effective way 
of accomplishing this end is to adopt a farm name as a prefix or suffix m 
the naming of the cattle Such a farm name may be registered with his 
breed association and thus reserved exclusively for the owner of the farm 
All animals sold with such a farm name as a prefix become living advertise- 
ments of the farm 

Great care should be used m selecting a farm name that is distinctive 
and easily remembered The breeder’s name may be used if it is distmctivc, 
such as “Hood Farm ” Sometimes the initials of the farm or firm form* ^ 
distmctive name, such as Femeo, derived from F E Murphy Company 
In the naming of cattle the system used by the University of Minnesota 
has proved very satufaciory The word “Mmnehaha” is used as a prefix 
for all breeds The second word of the name designates the sire and the 
third, the female family Thus the name Mmnehaha Matador DeKol 
would reveal that the animal was bred by the Umvcrsity of Minnesota, is 
by the bull Valentine Matador, and is out of a family headed by Minne- 
haha Bess Burke DcKol 

In the naming of bulls, some breeders adopt the system of using the 
name of the sire with a numerical suffix, as Sir Pietertje Onnsby Mercedes 
37lh The advantage of this system is that the name reveals the sire to 
everyone who is the least familiar with the breed 

Another system of naming that finds favor among many breeders is to 
reveal the year of birth in the name by usmg the first letter of the key word 
in the name for such designation The first year the letter “A” would be 
used, then ‘ B,” etc 
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Business methods Success m the breeding of purebred cattle is de- 
pendent to a large extent upon the use of sound business principles The 
first and absolutely essential requisite is the keeping of complete and 
accurate records filed so as to be easily accessible Record keeping begins 
wth recording the date of service of the cow and the name of the sire 
On the day of the birth of a calf> all the information needed for registra- 
tion should be carefully recorded, preferably by filling in an application 
for registry This may then be filed until the date that the application for 
registry must be made to the office of the breed association Upon receipt 
of the Certificate of Registration, this instrument should be again checked 
with the animal for possible errors If it is found to be correct, the Cer- 
tificate of Registry should be filed either m a suitable envelope or in a 
loose-leaf book As all animals should be numbered, the best way of filmg 
IS m numerical order Next a sheet should be entered in the herd book 
with the name, number, date of birth, and the pedigree of the animal 
properly entered As more mformation about the animal accumulates, 
entnes should be made, so that m the herd book there is available all the 
essential mformation about the animal, including the production records 

A second requisite for success m selling purebred animals is to know 
the essential facts about the animal and be able to state these facts to a 
prospective purchaser The successful breeder knows the pedigrees of his 
stock and, in addition, is generally familiar with the lines of breedmg 
follov\ed by the leading breeders Knowledge of the breed as a whole is 
acquired from attendance at meetings and from the breed journals 

A third requisite for sound business and successful salesmanship is 
prompt and adequate attention to correspondence A prompt reply to an 
inquir> , giving full particulars about the animal offered for sale, includmg 
the price asked, has a very favorable effect upon the prospective purchaser, 
while a delay and vague or inadequate description has the opposite effect 
A type>>Titten letter on an attractive letterhead is supenor to a letter 
wntten in longhand 

A fourth requisite is promptness la furnishing the Registration Cer- 
tificate and the Certificate of Transfer to the bu> er Failure to furnish 
these instruments within a reasonable time after the sale causes uneasiness 
and suspicion on the part of the buyer In addition to losmg such a buyer 
for a further sale, the unfavorable impression created is likely to spread and 
do much harm 

Many other mmor essentials m conducting a purebred busmess could 
be mentioned Space permits only calling attention to the desirability of 
follow up letters An occasional letter to a previous buyer inquiring as to 
how the ammal or animals sold arc doing creates good ivill and facilitates 
the making of future sales If a bull is sold, a letter to the purchaser after 
the bull has been in service two years, calling attention to the fact that it is 
time to buy a new bull and that another good one is available on the farm 
where he purchased the first, is often fruitful of results 

Additional services a breeder should render The breeding of pure- 
bred dairy cattle is a profession A varymg portion of the purchase pncc of 
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a purebred animal represents payment for the skill that has gone into the 
breeding operations which produced that animal. The purchaser, there- 
fore, buys the professional services that the breeder has rendered in the 
production of that animal. The better breeders are capable of rendering 
even more in professional services to their clientele, the buyers. They have 
the opportunity of advising them as to what kind of bulls should be tised 
to give the best results. 

The successful breeder, because of his experience and success, is in a 
good position to offer sound advice to the beginner or less experienced 
breeder. In making a sale he should feel sure that it is the best for the 
buyer. If the choice of the buyer is not the right one, for the good of the 
prospecthe purchaser the breeder should attempt to persuade a change, 
even if it is necessary to advise purchase from another herd. The breeder 
^vilI win in the long run by so doing. Many breeders by rendering this type 
of unselfish service have built up a clientele that orders year after year, not 
a specific bull but “the bull that 1 need now.” As a result, many excellent 
small herds are being developed along the same lines as the larger herds. 

The larger breeders, too, can render a splendid service in assisting the 
mvners of the smaller herds who arc their “prot6g6s” in selling surplus 
stock. Such co-operation has much for commendation to all concerned. 
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AND DEVELOPMENT 


The growth A^D development of the dairy andials is one of the 
important considerations m danying As a matter of fact, the livestock 
industry is fundamentally based upon the phenomena involved m growth 
The rate of growth and ultimate size affects production, and factors that 
influence these are of major importance It will, therefore be well to 
consider Ihe fundamentals of the growth phenomena, the requirements of 
growth, and the factors influencing rate of growth and ultimate size 

Deflnition A satisfaclory definition of growth is difficult to give as 
the growth phenomena are complex It may be defined for these purposes 
as a series of physiological changes through which an individual of any 
species develops from the fertilized egg to maturity 

Histoncal Aristotle (384-322 a c ) was the first to record observations 
on the growth of animals m a qualitative way Theophrastus (372-228 a c ) 
recorded similar observations on plants The idea of systematically meas- 
uring growth IS a relatively new one In 1834 Quetelet, an astronomer 
7'’ “T' “ sv^'n'atic measurement of children In 

1875 Bowditch, a physiologist at Harvard University, reported on the first 
comprehensive study of growth in children In 1891 Mmot published the 
first smdies on growth in guinea pigs To Waters of the Missouri Station 
goes the credit of starting growth studies in cattle Thu work one of the 
major r^arch projects, was started in 1906 and has continued at that 
station From this raUier late beginning, a great interest has been mani- 

lome oon ^ of 8r°"th In 1921 Baldwm gave a bibliography of 

some 900 papers on the subject * =» r / 

Growth periods Growlh falls naturally into two major periods, the 
intrauterine or prenatal period and the postnatal period * Before birth 
which marks the d.vuion between these two penods, nutrition for the 
embryo and fetus comes entirely from the dam through the fetal mem- 
branes After birth the nutrient u taken m through the ealPs own digestive 

^e postnatal period lends itself to a further subdiv uion into two penods 
—the self accelerating penod and the self inhibiting period The sclf- 

Ilf rnCb"Lg^^;S^;^g 

Tte self inhibiting period is that period following the self acceleratmg 

K"?vanred'''“T f Thu penod ends at matunty 

In advanced a ge, there u a slmnUge which u referred to as scmlity 

‘ jAUimv Mo. Aer Expt Sue Re. Bui 97 
Mo. Agr Ejip;. Sta. Ret DuL 96 1926 


1927 
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Fig 62 Change in form with matunt/ The compan* 
sons are based on eniarging 7he coif to equa) the 
heifer in height ot ihe withers >n the top ond the cow 
in the bottom idustrotion (n the middle the heifer is 
compared to the cow 

throughout life, such as hair, horn, and hoof The se\ organs make their 
major development just before and dunng puberty, and the mammary 
gland develops and involutes with successive gestation and lactation 
periods 



Fig. 63. The relative development of different anatomical parts of the bovine 
at birth expressed in percenfoge of mature values 


Changes in composition with age. Moulton has summanzed the 
chenucal analysis of cattle in various stages of development ‘ The mam 
characteristic change in composition is loss of water from the tissues with 
age development The early embryo contains as much as 95 per cent or 
more of water (on a fat free basis) At birth this has decreased to 75 or 
80 per cent, and at 150 days it has decreased to about 73 per cent From 
this point the water content from the body decreases until the minimum 
of 70 to 71 per cent is reached Nitrogen rises from less than ^ per cent 
m the early embryo stage to 3 per cent at birth It then rises rather rapidly 


I Moulton Jour Biol Chem. 57 79-97 1923 
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to 3.6 per cent at ten months of age and is constant from this point on. 
Ash rises from .5 of a per cent in the early embryo to 4.3 per cent at birth; 
it increases to 5 per cent at five months and to 5^ to 6 per cent when 
mature. (All of the preceding figures are on a fat«free basis.) 

Measures of growth. There is no absolutely satisfactory measure of 
growth kno>vn. In the early cmbryological stages cell number is the 
method resorted to in determining development. After that, weight and 
dimensional measures are the only ones used. Weight is most commonly 
used and may or may not be truly indicative of the degree of growth, 
since there are a number of factors other than growth that influence 
weight. The amounts of water and feed in the digestive tract vary greatly 
and influence weight. A difference of 50 pounds in the weight of a mature 
animal because of this factor is not uncommon. Because there is a great 
variation in daily weights, it is customary to weigh experimental animals 
for three consecutive days and use the average of the three weights. 
There are factors affecting the amount of water in the tissue which may 
influence the weight without any effect on growth. Fattening produces 
weight increases by a deposit of fat and a reduction of the amount of 
water. Starvation produces a loss in weight through a %vilhdrawal of the 
fat stores. While the latter two affect weights markedly, neither can be 
said to be strictly growth phenomena. There may be growth without any 
change in weight. Waters maintained a steer at a constant weight for 
one year and found that it grew taller at the expense of body depth. For 
dimensional measurements the height at the withers is most commonly 
used. Attention is called to the practical difficulties in determining the 
height at the withers. The posture of the animal at the time the measure- 
ment is taken affects very materially that measurement. Usually the height 
at the withers is measured three times. The animal is moved immediately 
preceding the taking of the measurement. Dimensional measurements arc 
less sensitive than weights. For cattle a 40 per cent increase in weight is 
usually accompanied by not more than a 10 per cent increase in the height 
at the withers. In studying growth in cattle it is customary to take both 
weight and height at the withers. 

Rate of grorvtb. The rate of growth changes tvith the age of the animal. 
If the rate of grotvth is expressed in gains for a definite period of time, 
such as daily gains or weeWy gains, there is an increase until the end of 
the self-accelerating period, and then a decrease until growth ceases. If 
the rale of growth for any period is expressed in terms of per cent increase 
in weight of the animal, the values decrea^ with age. If the rate is ex- 
pressed by merely giving the total weight or height of the animal for the 
different ages, then there is an increase until growth ceases. 

Per cent gain in terms of total body weight is a measure of the intensity 
of the growth impulse. This impulse is the greatest immediately after 
fertilization, when the weight increase may be as great as 1,000 per cent 
for one day. At birth about 98 per cent of the growth impulse is lost. That 
daily gains increase with advance in age up to a maximum 'vith a decrease 
in grow ih impulse is accounted for by the great increase in the number of 
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Normal Growth Figures tor Females * 



Avasanz 1 

Gtisassevs I 

Holstein ] 

jEtsevs 

Acs 

Weight ^ 

eghtsl 

t'lthers 

Mei^t 

eiglit St 
titbecs 

M eight ^ 

eight St 
Vilhers 

eight 

Withers 

Mcnihs 

Buth 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

27 

30 

33 

36 

39 

42 

45 

48 

51 

54 

57 

60 

63 

66 

69 

72 

75 

78 

81 

84 

87 

90 

93 

96 

72 

89 

119 

158 

198 

245 

293 

344 

389 

433 

469 

502 

538 

577 

611 

638 

669 

697 

725 

758 

793 

818 

844 

871 

902 

909 

945 

965 

963 

1007 

1,014 

1,038 

1,035 

1040 

1,058 

1,073 

1,080 

1,037 

1,055 

1,088 

1,132 

1,067 

1080 

1092 

1,122 

1,109 

1,103 

1,083 

1,143 

nektt 

27 6 

28 6 

302 

31 9 

34 0 

35 5 

37 2 

38 5 

39 9 
409 
417 

42 5 

43 2 
440 
448 

45 1 

45 7 
462 

46 5 
468 

47 4 

47 6 

47 8 
481 

48 3 
48 1 

48 3 
48 9 

48 7 

49 1 
49 9 
500 

502 

49 4 

503 
503 

50 4 
49 2 
49 2 
49 3 
49 1 
48 3 

48 9 

49 1 
48 7 
48 8 
48 7 

48 5 

49 2 

65 

77 

102 

133 

173 

216 

260 

305 

350 

389 

427 

459 

490 

524 

556 

584 

60S 

634 

663 

686 

712 

737 

763 

788 

818 

876 

880 

905 

901 

924 

952 

971 

990 

980 

1,024 

1 031 
1,055 
1,043 
1,051 
1,073 
1093 
1,042 
1084 
14)71 
1066 
106a 
ipa3 
1,067 
14)70 

Indus 

266 

282 

298 

316 

33 5 

35 3 
369 
384 
399 
409 
417 

42 6 

43 3 

43 9 
446 
450 
453 

45 9 
464 
467 

47 0 

47 3 

47 7 

47 9 
480 
489 
493 
49 7 

499 

500 

499 

501 

504 
506 

505 

505 

506 
504 

500 
49 8 
49 7 
49 3 
49 4 
49 2 
49 3 
49 4 
49 4 
489 
49 6 

Pffunil 

90 

112 

148 

193 

243 

297 

355 

410 

462 

509 

552 

593 

632 

671 

70S 

746 

782 

809 

845 

878 

912 

952 

986 

1,024 

1,069 

1,151 

1,120 

1,130 

1,165 

1,176 

1,202 

1,197 

1,232 

1,261 

1,271 

1,305 

1,330 

1,310 

1,312 

1,343 

1,317 

1,320 

1.357 

1.400 

1.401 

1.402 

1.358 
1,335 
1,365 

Indus 

29 1 
306 

32 3 
343 

36 2 

37 7 

39 7 

41 1 

42 3 

43 5 
444 

45 3 
460 
467 

47 3 

47 9 
485 

48 9 

49 3 

49 8 
502 
506 
510 
513 
517 

52 2 

52 5 

52 7 
530 

53 1 
53 2 
53 2 
53 3 
53 5 
53 6 
53 7 
53 6 
53 5 
53 7 
53 7 
53 7 
53 9 
540 
53 8 
53 7 
53 6 
53 7 
53 S 
53 2 

Ponnis 

S3 

67 

90 

121 

158 

199 

243 

286 

324 

360 

393 

420 

450 

479 

507 

530 

558 

580 

601 

622 

642 

665 

684 

708 

733 

816 

824 

832 

855 

899 

89S 

898 

897 

927 

952 

944 

937 

948 

955 

966 

973 

96i 

998 

991 

959 

952 

1.002 

984 

909 

25 7 

27 0 

28 9 

30 6 

32 6 

345 

36 2 

37 7 

390 

401 

409 

41 7 

42 2 

42 8 

43 3 

43 9 

444 

447 

45 2 

45 5 

45 9 
462 
464 

46 7 
469 

47 7 

47 9 
480 

48 2 
486 

48 6 
485 

48 5 

485 

486 
486 

49 0 

49 0 

48 7 
486 
484 

48 5 
486 

48 4 

48 0 

483 

48 2 

484 

47 7 


•Bowuno -usd Putnam (W Va Agr Expt SU Circ 79) gjve tables of Ayn^ 
females to 96 months that arc shghtly lovtcr at birth and slightly higher at older stages. 
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Normal Gro\vth Figures tor Males * 


Acs 

Avxshiu 

GVONSCT 

HoisniM 

1 JCKSCIS 

neisht 

Heghial 

Witiws 

tVejfibl 

Heisbt at 
ttiUwR 

Woght 

Height at 
Withers 

\\ eight 

Height at 
Withers 

Mos 

founds 

Inches 

Pounds 

jneies 

Pounds 

Indus 

Pounds 

Indus 

Birth 

81 

279 

71 

27 7 

9i 

294 

60 

26 2 

1 

101 

29 4 

87 

293 

125 

312 

78 

27 9 

2 

133 

309 

113 

306 

164 

33 2 

104 

29 7 

3 

173 

32 7 

147 

32 4 

214 

34 8 

141 

315 

4 

217 

345 

190 

342 

269 

36 4 

184 

33 6 

5 

267 

361 

237 

361 

336 

38 8 

233 

33 5 

6 

321 

37 9 

291 

37 8 

399 

405 

282 

37 2 

7 

378 

39 4 

345 

39 2 

456 

419 

326 

384 

8 

433 

407 

401 

403 

514 

431 

371 

39 5 

9 

488 

418 

443 

415 

563 

442 

410 

404 

10 

536 

42 7 

494 

42 5 

620 

4S1 

452 

414 

11 

601 

441 

547 

433 

683 

464 

497 

427 

12 



609 

445 

741 

47 5 

531 

430 

13 





796 

482 

566 

439 

U 





870 

48 8 

613 

45 0 

15 





978 

49 7 

643 

45 5 

16 





1,035 

505 

679 

461 

17 





1,090 

S07 

726 

470 

18 





1,176 

52 2 

745 

475 

19 





1,236 

533 

826 

484 

20 





1,286 

533 

856 

486 

21 





1,345 

543 

875 

489 

22 





1,364 

543 

904 

493 

23 





1,410 

549 

931 

500 

24 





1,438 

55 9 

969 

503 


• Bowtjno and Putnam data (\V Va Agr Expt Sta. Ore 79 ) gives birth wts of 
76 pounds and height at withers of 27 4 inches At 12 months these figures are 657 
and 44 5 respectively 


cells The growth impulse, therefore, does not decrease as rapidly as the 
number of cells increase until after the self-inhibiting pent^ has been 
reached For differences in the rate of growth of prenatal and exlrautenne 
refer to Figure 63 

Normal growth curves. The normal groivth figures have value as a 
guide in determining whether or not animals arc doing as well as they 
should They are of particular value for the experimentalist who is anxious 
to know Tvhether a particular ration or type of expenment affects the 
normal growth of the animal The normal growth figures for the four 
dairy breeds as computed by the Missouri Experimental Station ^ are 
given in the two tables on pages 000 and 000 These figures tv ere gathered 
from Missoun, Kansas, and Iowa Attention is directed to the fact that 
there are great vanations from the figures given as normal Because they 
represent averages m different sections of the country, perhaps different 

» Racspau: Mo Agr Expt. Sta, BuL 336 1934 
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sets of normal figures should be given. Attention is also directed to the 
fact that growth in weight continues until past seven or eight years, while 
maximum height at withers is attained somewhat earlier. Comparing the 
normal growth figures for bulls with those of females, it will be noted 
that the bulls make more rapid growth than the heifers. 

Heartgirth and body weights. There is a sufficiently good correlation 
between the heartgirth and body weight (hat this measure may be used for 
reasonably close estimates of weight of cattle. Estimations made by this 
method are most accurate for cows but may be used for heifers and calves. 
The measurement should be taken immediately back of the elbows. The 
weights for various heartgirth measurement in inches prepared by the 
Bureau of Dairy Industry, U.S.D.A., are given in the following table: 


Heartguitk Measoreuents roR Determining 
Body Weights of Dairy Cows 


Heart- 

girth 

Body 

weight 

Heart- 

Sirib 



Body 

weight 

Heart' 

prth 

Bodv 

weight 

iwtu 


fluids 


ttt/bM 

Pff‘ndl 


pounds 

26 

80 

42.S 

248 

59 5 

622 

76 5 

1,263 

26 5 

82 

43 

257 

60 

637 

77 

1.285 

27 

84 

43 5 

266 

60S 

652 

77 5 

1,308 

27.5 

86 

44 

275 

61 

668 

78 

1,331 

28 

89 

445 

284 

61.5 

684 

78.5 

1,354 

28 5 

92 

45 

294 

62 

700 

79 

1.377 

29 

95 

45 5 

304 

62$ 

716 

79 5 

1,400 

29 5 

93 

46 

314 

63 

732 

80 

1,423 

50 

101 

46 5 

324 

635 

749 

80 5 

1.446 

50.5 

104 

47 

334 

64 

766 

81 

1,469 

51 

108 

47.5 

344 

645 


81.5 

1,492 

51 5 

113 

48 

354 

65 



1,515 

32 

118 

48 5 

364 

65.5 


825 

1,538 




374 

66 



1,561 

53 



384 

665 

853 

83.5 

1,584 

33 5 

133 

50 

394 

67 



1,607 

34 

138 


404 

67.5 



1,630 



51 

414 

68 



1,653 

35 



424 

685 



1,676 

35 5 

153 


434 

69 

947 

86 

1,699 

36 

15S 

52.3 

445 

69 5 



1,722 

36 5 

163 

S3 

456 

70 



1,745 

37 

168 

535 

467 

70S 



1,768 

37 5 

174 

54 

478 

71 



1,791 

38 

180 

545 

489 

715 

1,048 

885 

1,814 

38 5 

186 

55 

501 

72 



1,837 

39 

192 

55 5 

513 

725 



1,860 

39.5 

200 

56 

526 

73 

1,111 


1,883 

40 

208 

56 5 

539 

73 5 

1,132 


1.906 

40.5 

216 

57 

552 

74 

1,153 

91 

1,929 

41 

224 

57 5 

565 

74 5 

1.175 


1,952 

41.5 

232 

58 

579 

75 

1,197 


1,975 

42 

240 

58 5 

593 

755 

1.219 





59 

607 

76 

1,241 
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Limits of growth. As stated before, each individual inherits a limit 
beyond -which an amount of feed or care will permit it to grow, but 
whether a limit of growth is reached depends upon a number of environ- 
mental factors A knowledge of these factors is of mere academic interest, 
but many of them are of great importance in the practical phases of raismg 
dairy cattle The factors influencing the siM of the calf at birth and the 
effects of breed, gestation, lactation, nutrition, and others upon growth 
and ultimate size will be considered 

Factors influencing size of calf at birth. The size of the calf at birth is 
dependent more on inheritance than on any other factor In general, the 
larger the breed the larger will be the calf at birth This is brought out m 
the following table, which gives the average weights and height at the 
withers of calves at birth for the diflcrcnt dairy breeds 

Individual variation is the next biggest factor which affects the birth 
weight of calves Jerseys, for instance, may vary from 35 pounds to 90 
pounds, and Holsteins vary from 40 to 140 pounds The age of the dam 
affects the size The first calf is usually three or four pounds smaller than 
the second calf, and the third calf is one or two pounds larger than the 
second In extreme old age the calves are generally smaller Contrary to 
popular opinion, the condition of the dam has no eflect upon the birth 


AvESAGE HEtGBTS AND WEIGHTS AT BlETH TOR CALVES 
OT TEE DiTPERENT BeEEDS 



Rbtebs 

1 Bnxs 

Wclfbt 

Haglii 

VS eigbl 

UetgjiX 


Peundt 

Int/ief 1 

Pntinlit 

Tnciet 

Ayrshire 

72 

27 6 

81 

27 9 

Guernsey 1 

65 

266 

71 

27 7 

Hobtein I 

90 

29 1 

94 

29 4 

Jerseys 

53 

25 7 

60 

26 2 

Shorthorn 1 

73 


74 


Bro^ Svass ^ 

so 


8a 



weight of the calf unless extreme inanition or nutritional deficiency is 
manifest In some cases of vitamin A deficiency the calves may be mate- 
rially reduced in size at birth 

Sex of the calf is another factor affecting size at birth Male calves 
average from five to ten pounds more at birth than do female calves The 
length of the period of gestation also influence birth weights Prematurely 
born calves are much smaller than those earned to full term 

Breed as a factor. Each breed has a characteristic norm for growth 
and development From birth to 24 months of age the Holstein (See tables 
pages 280 and 281) increased 23 inches m height at the withers and gamed 
948 pounds, as contrasted to an increase of 21 4 inches and a gain of 753 
pounds for Guernseys m the same length of lime Referring to the tables. 
It will be seen that the Jerseys reach matunty earlier than the Holsteins. 
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It IS reported that the Jersey has reached skeletal matunty \vithm three to 
four years, while the Holstein requires four to five years to do this The 
maximum weights arc reached usually about two years following the 
cessation of skeletal growth 

Effects of gestation. Contrary to popular opmion, gestation docs not 
affect the rate of growth to any extent In 1891 Nlinot reported that 
pregnant gumea pigs gained more rapidly than farrow ones Eckles ^ 
found no increase in the nutrient requirements for pregnant cows That 
there should be no great demand is evidenced by the small amount 
of dry matter in the calf at birth Missouri Station workers have shown 
that only 26 to 28 per cent of the birth weight of a calf is dry matter^ 
Therefore, there is no more dry matter in a Jersey calf at birth than there 
IS in 100 to 180 pounds of milk In the case of HoUteins 200 to 275 pounds 
of milk contain as much dry matter as is found m the calf at birth It has 
also been observed that when heifers were dried off immediately after 
calving, there was no effect upon the growth rate 

Effect of lactation As contrasted to the effects of gestation, lactation 
has a very marked effect upon the rate of growth In the young dairy 
animals lactation slows up and sometimes completely stops growth m both 
height and weight This is the mam reason for desinng size m heifers 
before the first calving The reason that lactation stops growth is evident 
when It IS considered chat two pounds of daily gam in body weight contam 
I 5 pounds of dry matter Eleven and one-h^ pounds of milk coniainmg 
4 per cent fat alM contain I 5 pounds of dry matter A heifer producmg 
40 pounds of 4 per cent fat milk produces a 2 pounds of dry matter or 
approximately three tunes as much dry matter as vsould be produced m 
a good daily gam for a growing heifer It is ihe demand for the nutnents 
to make milk that prevents growth 

The age of first calving affects both the rate of growth and the ultimate 
size obtained As just noted, lactation demands so much nutrient that the 
animal is unable to consume sufficient feed to supply the needs of both 
milk production and body growth In the dairy animal, with the tendency 
for milk production so strongly mherent, growth suffers first Immatiue 
animals m milk may be developed into normal size provided they are 
given long rest periods It is far better that the heifers be grown to a good 
size before coming into milk 

Effect of nutrition It is well known that body tissues have their 
ongin from the feed consumed It is therefore only reasonable that the 
amount of feed and the kind of feed consumed should affect gro%v'th 
Growth can be speeded up very materially by liberal feedmg There are, 
however, defimte limits to this first, in the amount of feed that the indi- 
vidual animal can handle, and second, in the amount of growth stimulus 
that IS released by the animal over a given period of time Groivth can be 
checked very materially by withholding feed Waters maintained a steer 

I Eckixs. Mo Agr Expt. Sta. Res Bui 26 1916 

*Haigii Mocltos, and Trowbridce Mo Agr Expt. Sta. Res BuL 38 1920 
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at constant weight for one year.^ Aftenvards this steer was fed liberally, 
and in one year’s time it became normal in size. Apparently different 
stimuli for growth had accumulated, and when the opportunity came the 
steer responded in unusually rapid growth. Many people recognize the 
fact that animals whose growth has been retarded through subnormal 
nutrition will make much more rapid gains on good feed than will animals 
of the same size whose ration has been normal. 

Effect of nutrition on dairy type and quality. The general belief that 
fat heifers develop into poor dairy animals is not substantiated in its en- 
tirety by facts. Eckles did find that if heifers were fed light rations during 
their growing period, they produced slightly more butterfat in the second 
lactation periods than those that were heavily fed.* However, the heavily 
fed heifer produced more than the lighter fed heifer in the first lactation 
period. The variability in the production of individuals is great enough 
to account for the difference in average production of the two groups, and 
this evidence must not be taken as conclusive. 

Factors influencing sexual maturity. Breed is one of the chief factors 
affecting the age at which an animal comes to sexual maturity. In general, 
the earliness of sexual maturity is inversely related to the size of the breed, 
the Jersey reaching sexual maturity the earliest, and the Brown Swiss 
the latest of the dairy breeds. There arc individual variations tvithin the 
breed that can be accounted for by inheritance. Nutrition is also an im- 
portant factor; liberal feeding is responsible for earlier sexual maturity. 
The Missouri Station found that lightly fed Holstein heifers became sex- 
ually mature on an average of 273 days of age, while the heavily fed ones 
did so in 261 days of age. At the Minnesota Station it was noted that 
animals on a phosphorus deficient ration became sexually mature at a 
much later date than those having a nutritionally complete ration. 

* EcxlCs. Mo. Agr. Expt. Sta. Res. Buis. 24 and 25. 1916. 
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Calf raising is an important prodlem on tub dairy farm In pche- 
bred herds all cal\ es are raised , in others suilicient numbers must be raised 
to replace co\ns that go out of the herd In addition to that, large numbers 
of calves are raised annually for veal On an average a cow’s production 
hfe IS about four j’cars IVjth 25,000,000 cows in the United States ac- 
cording to the 1948 estimate 6,000,000 calves must be raised annually to 
replace the cows going out of production Thus, two heifers must be raised 
annually per eight cows In order to have two heifers come into production 
for each eight cows, at least six must be raised for each twenty cows Smee 
many dairymen sell whole milk and do not attempt to raise calves, others 
must raise more in order to supply these dairies with milking stock 
Approximately 4 per cent of the whole milk produced m the United States 
18 fed to calves In 1947 this amounted to over 4,500,000,000 pounds An 
important consideration in calfraisingis that of avoiding the introduction 
of diseases By depending upon the purchase of milk cows to replenish 
those that go out of the herd, there is great danger of introducing one or 
more of the many infectious diseases with w hich cattle are afflicted A good 
dairyman, therefore, takes the job of raising calves as an important one 

SELECTING CALVES 

Since the cost of raising calves to roatunty is a considerable item of ex- 
pense on the dairy farm, only those calves that give indications of growing 
into profitable cows should be selected Only by careful selection of calves 
from high producing dams and families having the desired characteristics 
can one develop a superior herd Not always can the mature abilties of a 
caif be predicted, for the type of the calf is not a reliable indication of the 
type of cow it will grow mto when mature, but when one uses judgment 
m selection, a much smaller percentage of unsatisfactory mature cows will 
be raised Spccitil consideration should be given to the height of production 
of the dam and her immediate family, and to the strength and vigor of the 
calves at birth Weak calves arc likely to succumb to the various calf 
diseases that are encountered If one has a herd that produce milk of too 
low a fat percentage, special effort should be made in selecting the calves 
from the lines that have a high fat content mdk Any other desirable 
characteristic that one wants in a good cow should be taken into con- 
sideration when one selects calves to be raised to maturity 

NUTRIENT REQUIREMENTS 

The solution of many of the different problems encountered may be 
found in the knowledge of the fundamental requirements for growth 
and development of the calf The newer knowledge of nutrition has added 
286 
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Fig. 64. Here are shown the comparative sizes of the various stomach com- 
partments of the calf (ofcove) and the cow (below). 

much to the information of value in practical feeding. Among the more 
important of these considerations is a knowledge of the digestive tract of 
the calf, the amount of feed and energy requirements, and the protein, 
mineral, vitamin, and water requirements. 

Digestive tract. A knowledge of the structure of the digestive tract 
of the calf will help one to appreciate the necessity for certain types of 
rations. The digestive tract of the calf differs from that of the cow in 
its proportionate size and in the diflerent proportions of the stomach 
compartments. (Fig. 64.) In the mature animal, the rumen occupies 80 
per cent of the total capacity of the stomach; the abomasum and omasum 
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each occupy from 7 to 8 per cent In the young calf, the abomasum and 
the omasum are two times as large as the rumen and reticulum combined 
These proportions change rapidly with the advance in age In the calf 
of ten to tuelve weeks of age, the omasum and the abomasum are only half 
the size of the rumen and the reticulum At one year, these proportions 
have shifted to that of the mature animal Very little definite information 
IS available as to the exact capacity of the abomasum This is the true 
stomach, where the digestion takes place Milk goes directly into the 
abomasum under normal conditions However, if more milk is consumed 
than the abomasum has capacity for, then it may pass directly into the 
rumen As the young calf has no powers for regurgitation, the material 
may decompose in the rumen and cause digestive disturbances Some 
authors claim that the maximum capacity of the abomasum in the young 
calf IS two quarts, and for the whole stomach, less than one gallon The ma- 
ture animal of medium size has a total stomach capacity of from 30 to 40 
gallons Large animals may have a capacity as high as 75 gallons It is 
therefore apparent that with the development of the calf to maturity the 
stomach grows more rapidly than the rest of the body 

Amount of feed and energy. Because of the small digestive storage 
facilities, the calf cannot handle much food at a nme It cannot use 
roughage to any great extent until five or six months of age, and not until 
ten months of age could even a vigorous calf exist on roughage alone 
Energy must come from milk or concentrates Morrison, an eminent 
authority on feeding, places the total digestive nutrient requirements at 
from 1 5 to 2 2 pounds for a calf weighing 100 pounds For a 1,000 pound 
calf, the requirements are 114 to 12 6 pounds Therefore, the require- 
ments per pound of live weight arc greater for the young calf than for 
the older one 

Protein requirements The protein content of the calfs body increases 
rapidly up to six months of age through both an increase m the percentage 
amount in the body and the increase m weight The relative protein 
requirements are, therefore, the highest during the first few months of a 
cairs life Morrison, after reviewing all experimental work, recommends 
a nutritive ratio of 1 3 9 to 1 4 5 for calves at 100 pounds of live weight, 
this gradually widens until at 1,000 pounds the recommended ratio is 
1 82tol 84' The quality of the protein is of great importance There is 
no better source of protein chan milk When milk substitute are used, 
careful attention must be paid to the types of protein as well as to the 
total amounts Calves fed whey suffer probably both from an insufficient 
amount of protein and from an inadequate quality of protein 

Mineral requirements Like the protein parts of the body, the skele- 
ton grows relatively most rapidly in the early ages of the calf The per cent 
of ash rises rapidly up to 5 months of age As the major portion of bone 
consists of calcium and phosphorus salts, the calcium and phosphorus 
supplies in the diet must be adequate Milk supplies these important 
mineral elements in ample amounts However, after calves arc weaned, 
‘Morrison Feeds and Feeding Momson Pub Co, Ithaca, N Y 1936 
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the ration is frequently inadequate in its calcium and phosphorus con- 
tent Iodine IS adequate in most normal rations, however, in some iodine 
deficiency areas, the feeds laci. sufficiently in this element to produce 
deficiency symptoms If the calves have goiter when they are born, it is 
an indication that the iodine supply is inadequate It should be supplied 
to the cows m the form of iodized salt, which is an adequate source of 
this mmeral element Iron and copper arc both needed for the production 
of red cells in the blood Milk under all conditions is deficient m these 
two elements, and calves fed on milk alone develop anemia When calves 
are fed gram and hay in conjunction with milk, there is no danger of 
insufficient iron and copper 

Magnesium Milk is relatively low in its magnesium content Calves 
that are fed on milk only, sooner or later develop spasms, to which they 
finally will succumb The Michigan* and Minnesota® Stations have 
recently found that the magnesium content of the blood drops previous 
to the onset of the spasms Hay and gram contain adequate magnesium 
and will prevent the difficulty encountered when milk only is fed The 
Wisconsin Station suggests that manganese may be an element needed 
m the raising of calves, and that milk is deficient m this element The 
evidence at this time is not sufficient to warrant drawing definite con- 
clusions 

Sodium chloride Sodium chlonde, or common table salt, should be 
furnished calves at all limes It is particularly essemial that salt be fur- 
nished when the calves begin to cat gram and hay The failure of supply- 
ing salt at this stage frequently results m unthrifty calves 

Vitanun requirements As yet the extent to which vitamins are essen- 
ual m the raising of dairy calves is not definitely knoivn Some, such as 
vitamins B and C, are definitely known not to be required However, 
vitamins A and D may be important factors in some of the diseases en- 
countered m dairy calves The amounts of vitamins A and D in the r n dk 
depend upon the amount present m the feed that the cow consumes Re- 
cently It has been showm by the United States Department of Agaculture 
and the California Station that calves may suffer from a vitamin A defi- 
ciency under practical conditions Converse and Meigs * fed cows on npe 
timothy hay for the entire >ear, and the calves were either born dead or 
died on the skim milk diet from such cows They attributed this diffi- 
culty to the vitanmi A deficiency in the diet of the cows Hart and Guil- 
bert,* study mg the calf diseases on the range, found many calves suffering 
from what they diagnosed as vitamin A deficiency They reported that 
vitamin A deficiency of the diet of the dams is responsible for calves that 
arc weak at birth and that develop severe diarrhea One of the character- 
istic symptoms of this deficiency is eye lesions The Minnesota Station ® 


‘ Duscan, HuFruAV, AND Robinson Jour Biol Chem 108 3>-4-t 1935 
*Wisc Doctor s Dissertation Umv c^Minncsota. 1937 

• Cqnvxrse and Meigs, HoUtcut Friesian World 32 80 1935 

♦ Hart and Glilbi-Rt Caht. Ajtr CxpL Sta. Bui 560 J933 

* Thvrsids et al. Jour Dairy Sa 9 57-»9, 1926, and 12 394-404, 1929 
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was the first one to produce vitamin A deficiency in calves, but, finding 
difficulty in prepanng a diet sufficiently low in this factor to produce 
definite symptoms, naturally concluded that under normal conditions 
vitamin A deficiency isould not be expected in dairy calves Frequent 
reports of symptoms analogous to vitamin A deficiency would lead one to 
suspect that this deficiency is far more common throughout the country 
than has been heretofore suspected 

While the mature bovine synthesizes ail of the vitamin B complex and 
vitamin E the young calf is incapable of doing so and must depend upon 
body stores at birth and its food for sources of these vitamins One of the 
B complex (niacin) is synthesized by the young calf The rest of the B 
complex that is needed for the bovine species arc synthesized in the rumen 
by microorganisms present therein ITus synthesis does not begin until 
the rumen becomes functional after consumption of roughage 

\Vhilc it IS possible for a young calf to be deficient in the vitamm B 
complex It IS doubtful that it occurs on farms at least where calves receive 
colostrum and milk up to four weeks of age Colostrum is not only nch in 
vitamin A but also m the B complex as compared to normal milk Ex- 
tensive expenments ‘ where calves were fed vitarmn supplements have 
shown no lessening in calf digestive upsets nor mortality 
Vitamin A supplement * in the form of fish liver oils is beneficial when 
the diet of the pregnant cows is deficient in carotene and also m some 
cases of scours For the most part, however, other causes for scours than 
Yitamm deficiency must be looked for 

Water. Contrary to popular optmon, even when getting large amounts 
of milk the calf needs water m addition, particularly during warm 
weather For successful calf raismg, clean water should be available at 
all times When calves have not been given water in addition to the 
milk for a long period of time, they arc likely to dnnk too much when 
allowed unlimit^ quantities for the first time 

METHODS OF RAISING CALVES 

Calves may be raised by hand or allowed to run with the dams On 
the dairy farm pfacticall> all calves arc raised by hand Only on rare oc- 
casions, when a purebred calf is of unusual value, is it permitted to run 
w^lh a nurse cow In the feeding of calves on the dairy farm several 
different problems arc encountered because of different conditions \Vhcrc 
buticrfat is sold, adequate amounts of skim milk arc available, and calf 
raumg is comparatively easy Where whole milk is sold, it is necessary 
to use milk substitutes in order to reduce the expense In chccsc-producing 
icmtoncs whey is sometimes available instead of skim milk, and another 
feeding problem is created 

Starting the calf Regardless of the method used for feeding, the calf 
IS started m the same w ay Since it u important that the calf get colostrum, 
It should be left with the dam preferably for two or three days If the 

• Kaksci*, AND RotMU- Jour An».Vct.Med Attoc.110 3'70 1947 

* llisss AMD Kbavu. Jour Dairy So. 30 Its 1947. 
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dam’s udder is mflamed, it may be advisable to leave the calf and dam 
together for a longer period of time Many dairymen arc of the opimon 
that the calf assists materially m reducing udder inflammation The un* 
portance of colostrum to the young calf has been recognized for a long 
time, but only recently has the real reason for this need been discovered ' 
Smith and Little found that calves not receiving colostrum were far more 
susceptible to infections, particularly of the digestive tract, than those that 
were fed colostrum * The mortality resultmg from these infections was 
exceedmgly high, and B colt were found in the bodies of the dead calves 
Ragsdale and Brody, too, found that calves fed colostrum had a much 
better chance of survival and suffered less from calf diseases than those 
not receiving colostrum ^ Colostrum assists m the prevention of diseases, 
according to Smith and Little, because of its antibody content They 
found that at birth the animal had no agglutinins in the blood and vvithm a 
matter of hours following the mgestion of colostrum agglutmins appeared 
Colostrum differs from normal milk in more than its antibody contents 
It has ten or more times as much vitamin A, dependmg upon the carotene 
or vitamin A content of the pregnant cow’s ration It contains about twice 
as much dry matter Protein content is about 18 per cent compared to 
3 5 per cent for normal milk Most of the protein is in the form of globulm 
the fractioa contammg the antibodies Colostrum contains about five tunes 
as much tocopherol as normal milk, about 4 times as much riboflavin, 
twice as much thtamme, seven times as much cholme and about twice as 
much pentothenic acid In mmerals colostrum also excels normal milk by 
twice as much calcium, phosphorus, sodium, and chlorine, and three 
tunes as much magnesium It is also richer in potassium, iron, copper, and 
manganese than normal milk 

IVhen cows are milked before delivery there will be no colostrum follow - 
mg partuntion In such cases other sources of colostrum must be provided 
or heavy losses m calves may be expected One satisfactory method is to 
freeze the first few milkings when prepartum milking is begun, smee this 
will be normal colostrum — provided there has been a sufficiently long dry 
period In large herds it will often happen that colostrum will be available 
from newly freshened cows 

It IS important that the first feed of the newborn calf be colostrum At 
this lime the intestinal wall is permeable to the globulm antibodies After 
the first feed the mtcstincs rapidly become impermeable to this material 

Teaching the calf to dnnk. Teaching the calf to drink out of a bucket 
IS someuraes qmte difficult There arc many contrivances on the market 
that arc designed to aid one in teaching a calf how to drink A number 
of them are effective, but there is the danger of these appliances becoming 
contaminated, with the ensuing danger of digestive disturbance in the 
calf The natural way for the calf to gee milk is by raismg his head The 

* Roceiis associates FunJama^i^iU Daity Snme 2nd cd . dp 466-474 Rcm- 
bold Pub Co 1933 

* SuiTH AAu Little. Jour Rxpd Med. 36 181-433 1922 

* Ragsdale and Brods Mo. Agr Expt. Sta- BuL 197 1922. 
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best way to teach a calf to drink is by the following method First, let 
him go w^thout food for 24 hours after taking him from the dam Then 
insert the fingers of one hand into his mouth and gradually pull his 
muzzle down into the milk For a large calf this requires considerable 
ph>sical strength, but it can be cflectcd by backing him into the corner 
of a pen and forcing his head down into the milk 

Amount of milk and frequency of feeding Calves are more often 
overfed than underfed Never should more milk be offered a calf per 
day than 8 per cent of the total weight of the calf This means that a 
normal Jersey calf would not get more than five or six pounds of milk per 
day, and that a Holstein would be limited to a maximum of 8 pounds 
a day at the start It is better to feed a calf three times a day than twice a 
day The reason for limiting the amount of milk and for advocating more 
frequent feedings is that the capacity of the abomasum, the true stomach, 
IS small, and when it is overloaded, one or both of two things may happen 
(1) Part of the milk may pass into the rumen, where putrefaction will 
occur (2) Because of a large amount of milk m the abomasum, a large 
curd IS formed which is not completely digested before the next feeding, 
and putrefaction sets in Autopsies on calves dying from digestive dis- 
turbances invariably reveal large curds m the true stomach and sometimes 
m the rumen According to Sheehy ‘ the putrefaction of curds cither m 
the rumen or abomasum is the cause of most digestive disturbances in 
calves Feeding smaller amounts of milk at more frequent intervals is 
the best method of preventing these disturbances Dilutmg the milk with 
warm water at the rate of water and % milk is advocated by some 

Nipple feeding Recent studies on ihe entrance of milk into the 
stomach of the calf have shown that when milk is swallowed m large 
gulps such as occurs when drmkmg from a pail, part of it splashes mto 
the rumen Since this organ is nonfunctional in the young calf, the un- 
desirability of getting milk therein is rcaddy understood The position of 
the head (whether high or low) when feeding from a pail makes no dif- 
ference m the amounts that splash into the rumen When calves are fed 
from nipple pails the amount of milk in each bolus was smaller than in the 
case of drmkmg from the pad, and no splashing into the rumen occurred 
Many dairymen now feed calves by the use of nipple pails and report less 
diffictdty from common scours 

The author and co workers fed a limited number of calves by nipple, 
with mdk before them at all times The milk ranked in tempierature from 
warm to near freezing The calves consumed from two to three times as 
much milk per day as is usually considered safe when fed from pads 
twice daily, without any digestive upsets The probable reason for freedom 
from digestive disturbances is the frequency with which they fed and the 
small quantities taken at each feeding They consumed nidk up to 17 
tunes during a 24 hour period 

Raising calves on skim milk While whole mdk is the best feed, the 
fat of mdk IS too valuable to be fed to calves \\Tiere butterfat is sold 

I Sheehy Royal Dublin Soc. So. Proc. {N 5) 21 73-85 1934 
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and skim milk is available, calves should be raised on skim milk, fol- 
lowing the origmal whole milk period Otis ^ demonstrated that while 
calves fed on skim milk did not make quite as large daily gams as those 
receivmg ^vhole milk, they gained more rapidly after tveaning and made 
gains at much lower costs This is shown in the following table, which 

Sroj Mils Compared with Wwilb Mils and Running 
WITH Dam as Feed por Calves 
(There were ten calves m each group They were fed milk 
for 140 days, then transferred to a feed lot for 7 months ) 

Results for 140 Days Wlten on Ike Milk Did 



SkunMtIk 1 


RuimLag viUi Dun 

Average gam — lbs 

223 

287 

248 

Averase dailv eaias 

151 ! 

186 1 

177 

Cost per 100 lbs. gam 

52 26 


54.41 

Results 

for 7 Months tn the Feed Lot 

Average gam— lbs 

440 

405 

422 

Daily gams 

210 

193 

1 200 

GcampeclOQIbs gam lbs 

439 

470 

475 


Contains a summary of Otis’ work This work has been corroborated by 
numerous other trials, in which calves raised on skim milk have been 
found to look rougher while on the skim milk diet than the calves on 
whole milk, and to make slightly less gains They responded better on 
dry feeds followmg weaning, and matured as early and to as desirable 
animals as those raised on %vhole milk 

Changing from whole milk to skim milk A healthy, vigorous calf 
may begin to receive some skim milk when two weeks old The change 
from whole milk to skim milk should be gradual One pound of skim 
milk should be substituted dait) for one pound of the whole milk until 
the complete change is effected Thus a calf getting ten pounds of whole 
milk would require ten da>s to be changed over to skim milk This change 
IS rather a critical time in the calfs life Skim milk differs from whole 
milk in having the milk fat removed, the amounts of the other constituents 
thereby being slightly increased By comparing the analysis of whole 
milk and skim milk given in the tabic on the ne'ct page, it will be seen that 
skim milk has slightly more than half of the total digestive nutnent 
that whole milk has, and tliat u has a much lower nuintivc ratio, there 
being one pound of protein for each one and one half pounds of nonprotem 
nutrients, as contrasted to a ratio of 1 3 9 for the whole milk When he is 
changing to skim milk, the calf will be receiving far less energy, but a little 
more protein than when he is on the whole milk diet It is, therefore, cs- 
vOns.Kans Agr Expt Su Hul 126 
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scntial that at this time a gram supplement be furnished to supply the ad- 
ditional needed energy Corn alone is an adequate supplement, however, 
any ordinary gram mixture will suffice Most cal\es will begin to eat gram 
at about two weeks of age, and little difficulty should be experienced m 
getting the calf to take the gram supplement at the time the change from 
whole milk to skim milk is completed After the calf is on a skim milk diet, 


Average CoMMsmoN or Whole Mnx and Sion llnx 



1 VVb(^ M Ik 

1 Skim kink 

Total sobds 

1 12 S 

96 

Protein 


37 

Fat 



Sugar 


1 50 

Mmeral 


OS 

Total digestible nutnents 

16.2 

1 8,6 

NutnUve ratio 

1 39 

1 115 


the amounts of milk may be increased, but at no time should the amount of 
milk fed in one day exceed 10 per cent of the calf s weight As the amounts 
of gram and hay consumed increase, it will be necessary to reduce the 
relative amounts of milk proportionately At no time is it advisable to 
feed the calf more than 20 pounds of skim milk a day 
Raising calves where whole milk i$ sold Where whole tni lk is sold, 
the problem of raising calves is different from what it is where there is 
skim milk available Seldom are there enough calves, on a farm producing 
whole milk, to make it worth while to skim a portion of the milk for 
calf feeding To solve the problem of raising calves under these conditions 
numerous experiments have been run at the various experiment stations 
in the United States Various propnetary calf meals have also been pre 
pared and are on the market as substitutes for milk In attempts to de- 
velop satisfactory substitutes for skun milk scores of different mixtures 
have been tried Cornell University reports excellent results with a calf 
meal made up into a gruel, replacing the whole milk on the twentieth 
day ‘ This mixture consists of 


500 lbs yellow corn meal 
440 lbs red dog flour 
300 lbs oat flour 
300 lbs linseed oil meal 


200 lbs soluble blood flour 
20 lbs calcium carbonate 
20 lbs steam bone meal 
20 lbs salt 


Animals raised on this calf meal have been earned through to the second 
year of milk production, and according to the report of the authors no 
difference can be noted in their size or milk production from those raised 
on a skim milk diet The gruel was made by mixing the calf meal tvith 
• Maynard Norris and Kraus ComdlAgr Expt. Sta. BuL 439 1925 
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water at 100® F m the proportion of one pound of gruel to five pounds of 
water 

The Oregon Station ^ tried three mixtures for calf meals One of these 
consisted of 


Ground oats 

150 lbs 

Ground yellow corn 

150 lbs 

Wheat bran 

150 lbs 

Linseed oil meal 

50 lbs 

Soluble blood flour 

50 lbs 

Steam bone flour 

5 lbs 

Salt 

5 lbs 


A second mLxture contamed 50 pounds of dried skim milk m place of 
the soluble blood flour, and a third contained 100 pounds of dried skim 
milk which replaced the blood flour, 30 pounds of ground oats, and 20 
pounds of ground yellow com The three meals gave satisfactory results, 
the calves being slightly under the normal growth during the time that 
they received the calf meals, hoisever, they soon caught up to normalcy 
The third formula gave slightly better results than the first two, this is 
attributed to the high dry milk content These calf meals were fed dry, 
and the calves ate adequate amounts of them for sufficient nutritive 
intake Many other stations have developed similar formulae and have 
reported similar successes It may be said that if skim milk is available, 
it IS preferable to calf meals for the raismg of calves, but if skim mdk 
IS not available, the calf meals ivili prove satisfactory While no definite 
experimental ^vork is available on the comparative value of the proprie- 
tary calf meals, it may be said that many of them will give satisfactory 
results 

Raising calves on whey In cheese producing areas, whey is frequently 
avaifab/e and can be used satis/acton/y for calf feeding if the proper 
supplements are made The Wisconsin Station has obtained good results 
by changing calves from ivholc milk to whey m the same ivay and at the 
same age as tvhen the change was made from whole milk to skim milk ’ 
They increased the whey allowance to 14 pounds when the calf reached 
SIX weeks of age In cheese making most of the protein is taken out of the 
milk, and therefore the whey contains only 0 8 per cent protein, as con- 
trasted to 3 7 per cent protein m skim miJk It is therefore necessary to 
feed a high protein gram supplement when whey replaces skim milk in 
calf feeding At least 40 per cent of the concentrate should consist of linseed 
oil meal or soybean oil meal The Wisconsin Station found a satisfactory 
mixture to be 

30 lbs ground com 

30 lbs standard wheat middlings 

40 lbs linseed oil meal 


iJoNES, Brandt, AND Wilson Ore. Act Expt.Sta.BuI 290 1931 
'Morrison, Hvlce, and Huus-iirey \Vi». Agr Expt. Sia. BuJs 339 and 362. 
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Since whey is obtained from cheese factories to which a number of 
farmers contribute milk, it is essential that the \vhey be pasteurized before 
It IS returned to the farm, in order to guard against transmitting disease 
Raising calves on buttermilk Frequently buttermilk is available at 
a reasonable price, then it will make an excellent substitute for skim 
milk Buttermilk analyzes about the same as skim milk, and whether 
sweet or sour it can be substituted for equal quantities of skim milk 
As It is frequently poorly cared for at the creamcnes, buttermilk from 
dirty storage tanks should not be used, it is certain to carry organisms 
that will produce digestive disturbances While the cream from which 
the buttermilk comes is generally pasteurized in all creameries, before 
bringing the buttermilk to the farm one should make certain that either 
the cream or the buttermilk has been pasteurized, otherwise infectious 
diseases may be introduced into the herd 

Dried skim milk or buttermilk and semisolid buttermilk Dried 
buttermilk or skim milk, when remade by mixing one pound of the dried 
product with nine pounds of water, makes up a solution of the same com- 
position as liquid skim milk or buttermilk, and can be fed m the same 
proportions with the same results, or the dried products may be mixed 
with the grain and fed dry, one pound of the dry product being allowed 
where ten pounds of liquid skim milk or buttermilk would be used 
Semisolid buttermilk is partially dried sour buttermilk prepared espe 
cially for livestock feeding The Minnesota Station found that when this 
was allowed on the basis of the same dry matter content as m the normal 
liquid feeding, equally good results were obtained The only objection to 
using these products is that frequently they are too costly Sometimes 
drying plants have products that grade slightly below the requirement 
for human food, these products are sold at reduced prices and for calf 
feeding are equally as satisfactory as the better products 

Hay for calves In raising a calf, hay is an essential in the diet 
Calves on skim milk have an adequate amount of protein in the diet, 
and for them high quality grass hays, such as timothy or bluegrass, 
are preferable to legume hays Legumes, however, are superior to the 
grass hay for calves on whey and on some of the calf meals Legumes 
are charactenzed by very high protein and calcium content The high 
protein content makes them suitable feed for calves on whey, and the high 
calcium content makes them a desirable roughage for calves on calf 
meals, as grains are low in calcium content 

A calf will usually begin to eat hay at about two weeks of age It should 
be furnished fresh twice a day Calves that do not receive hay are likely 
to suffer from vitamin D deficiency, particularly durmg the latter part 
of the winter or early spnng, when milks are likely to be deficient m 
vitamm D and the sunshine is deficient in ultraviolet rays Hays cured 
to the green color have far higher vitamm values than darker colored 
or bleached ha>s and arc therefore, to be preferred for calf feeding Well- 
cured ha>s are also more palatable 
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Fig 65 An unthrifty calf Its condition is due to malnutrition and disease 


Whole milk diet alone While mdk is considered the most nearly 
perfect food, it is inadequate for the complete nutrition of the dairy 
calf Numerous attempts have been made at raising dairy calves on 
whole milk with various elemental supplements Until recently, eJI such 
attempts have met with failure At the Minnesota and Michigan Stations, 
calves have been raised to matunty on whole milk, with copper, iron, and 
magnesium supplements, plus cod liver oil as a source of vitamins A and 
D At the Mmnesota Station, normal growth and normal reproduction 
have been experienced on such a diet Unless copper and iron are added, 
the animal suffers from anemia and will ultimately succumb to that 
disease Additional magnesium is needed in spite of the fact that milk 
contains fair quantities of that element For some reason, not as yet 
entirely clear, calf on a sole milk diet has a relatively high magnesium 
requirement 

Effect of foam in milk It is generally assumed that foam, which is 
common in skim milk, is detrimental to the calves The South Dakota 
Station ‘ set up an experiment to determine the facts regarding foam 
fed to calves Large quantities of separator foam \ierc fed, and in no 
case was there evidence of any harmful effects from the ingestion of 
large amounts of it 

* Olson S D Agr Expt. Sta. Bui 273 1932. 
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Pasteurization of milk The question ^\ould naturally arise as to 
whether pasteurization of milk would have any effect upon its nutritive 
value The California Station * heated milk to 170® F and could not 
detect any difference in the nutritive value for calf feeding between milk 
so heated and raw milk In the common methods of pasteunzalion, vita- 
min C IS destroyed As the calf does not need vitamin C in the food, this 
would not be expected to impair the nutritive value of milk m any way 
Temperature of milk and cleanliness of utensils In the early weeks 
of a calTs life, at least, the tempcraiurc of the milk should be around 
100® F when fed After the calf becomes several months of age, this 
IS not so important Cleanliness of the utensils with which the milk 
comes in contact is of utmost importance Milk is one of the best me- 
diums for bacterial development, and in buckets and other utensils m 
which small portions of milk are left exiensive bactenal development 
takes place Many of the types of bacteria so developed when taken into 
the calfs digestive tract will produce putrefactive changes which, in 
turn, produce scours The most senous digestive disturbance can fre 
quently be attnbuted directly to failure to clean the milk buckets used 
for calf feeding These buckets should be cleaned as scrupulously as any 
utensil with which milk for human f(x>d comes in contact 

Calf pens The prime requisite of calf pens is that they furmsh a light, 
clean, dry, and drafdess place for the calf One of the chief causes of 
calf pneumonia is dampness and draftmess, which are also conducive to 
calf scours These two diseases cause the heaviest losses among calves 
The ideal calf pen is the individual pen with solid partitions betiseen 
neighboring pens 3 feet by 6 feet in dimension Infectious diseases are 
commumcated by direct contact of calves, and this type of pen prevents 
such contacts The solid partition has a tendency to prevent drafts from 
directly hitting the calf In the colder climates, it is preferable to have the 
Calf pens located m the cow bam, calves do not generate enough heat to 
keep a special calf bam warm, and the larger ammals will contribute to 
the warmth On larger farms the calf barns are usually furnished with 
artificial heat After a calf is six weeks to two months old, he can then be 
transferred to a larger pen, where a number of calves may be put to 
gether 

Beddmg Adequate quantities of clean beddmg should be furnished 
It has been found, however, that the most satisfactory method i» not to 
clean the pens daily, but to let the Utter accumulate, addmg beddmg m 
such quantities as are needed to keep the pen dry, and removing the 
litter only xshen the accumulation is sufficient to permit the calves to 
jump out of the pen The accumulated litter generates heat and makes 
a much warmer bed for the calf than would be possible if it were re- 
moved daily Some of the most successful dairymen let the htter ac- 
cumulate for VNeeks and sometimes months before it is removed 

tics After they have been given their feeding of milk, calves are 
likely to suck one another In domg this, they swallow considerable hair, 
iRoADHovs^AM* Perry Calif Agr ExpL Sta. Ore. 319 1930 
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which, not being digestible, will form hair balls in the abomasum Fre- 
quently, on slaughter or post mortem examinations, from one up to as 
many as 20 or 30 hair balls may be found in a calf s stomach They vary 
m size from minute ones up to balls two or more inches m diameter To 
avoid the ingestion of hair, calves should be tied followmg the feeding 
for a period of one half hour or more The most satisfactory ties are 
stanchions that occupy a side of the calf pen Commercial calf pens have 
many desirable features of convenience, but homemade ones can be built 
that serve the purpose adequately 

Pasture As skim milk is largely water, there is no particular advantage 
of pasture grass over hay for a calf receiving milk The calf, too, is very 
susceptible to injury from exposure to the hot sun and flies Not until 
the calf IS at least four months of age is it advisable to turn him out on 
pasture, and then only when shade is afforded 

Silage. While there is no evidence that silage is harmful to a calf 
receiving milk, there is nothmg to indicate that it has any particular 
value In the mam, silage is not so palatable to a young calf as is hay, 
and for this reason, it is much better that the calf get its roughage m the 
form of hay rather than silage 

Spring vs fall calves From the standpoint of ease of raising the calf, 
there are advantages for both fall and spnng calves The fall calf must 
be raised in the bam, and it is more likely to suffer from vitamin deficiency, 
particularly vitamins A and D, than is the spnng calf, as winter milk 
IS normally much lower than spnng milk m its content of both these 
vitamins The spring calf, however, is more likely to suffer from damage 
by flies and from digestive disturbances due to bacteria because of the 
favorable weather conditions for bactenal development From the stand- 
point of the economy of raising to maturity, the fall calf has considerable 
advantage over the sprmg calf The fall calf is old enough to make good 
use of pasture by the next spnng, and by the lime it is nvo years of age it 
thus will have had two paisture seasons The spring calf is too ^oung to 
make use of pasture the first season and will have had but one pasture sea- 
son when two years of age In addition the fall calf will have been on 
pasture when its food requirements were the highest — from 18 months to 
24 months of age — tvhile the spnng calf w ill have spent the period from 1 2 
to 18 months of age on pasture 

Weaning the calf Unless skim imlk is unusually plentiful, there is 
no advantage m feeding it to a calf more than six months old At that 
time the normal calf has reached sufficient development to be able to 
handle enough gram and hay to continue its normal growth The change 
from milk to a hay and gram ration only should be made gradually First 
the feeding of milk should be limited to once a day, and then the amount 
of milk should be reduced daily until m ten days it is completely elimi- 
nated At this point if nonlegumc hays and low protein concentrates 
have been fed, it is necessary to add some high protein concentrates to the 
ration, or to change from a grass hay to a legume hay One of the most 
common mistakes made m weamng a calf from skim milk is failure to 
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furnish adequate protein m the ration If legume hays are fed, then any 
ordinary gram mixture will suffice If nonlegume hays are fed, a con- 
centrate mixture containing at least 40 per cent of high protein concen- 
trate, as linseed oil meal or cottonse»l meal, is needed to supply the 
necessary protein requirements In this case, two pounds of the concentrate 
should be fed daily 

Production of veal Vealers consist of a group of immature milk-fed 
bovine animals usually not over 3 months of age ‘ There are three 
classes light weights of 110 pounds or less, medium weights of 110 to 
180 pounds, and heavy weights of 180 pounds or more Each one of 
these classes is divided into five grades on the basis of quality One of 
the requisites of veal is that the flesh must be nearly white in color To 
produce \eal of this color it is essential that no hay or gram be fed, only 
milk will maintain the desired color 

Feeding for veal production. Nothing but whole milk will produce 
veal of the highest quality Numerous tnals have shown that it requires 
about ten pounds of milk to produce one pound of gam Since the object 
is to produce as rapid gams as possible, it is necessary to feed the calf as 
much milk as it will consume The most satisfactory way is to permit the 
calf to nurse the dam or some nurse cow ApparenUy a calf can consume 
considerably more milk when it takes the milk directly from the dam 
than when it is hand fed, without suffering digestive disturbances ^Vlule 
digestive dutufbances resulting in scours arc detrimental to calves that 
are to be raised to maturity, they arc even more so to the veal calf The 
set-backs occasioned from scours will not permit any profit m the pro- 
duction of veal 

Economy of veal production. As veal can be produced only on whole 
milk, there are definite limitations to the advisability of the production of 
veal Ten pounds of milk arc required on the average to produce one 
pound of gam, if milk is worth S2 00 a hundred, each pound of gam costs 
20 cents Profits made on the production ofvcal, if there arc any, must be 
from the initial weight of the calf The birth weight of the calf is therefore 
a most important consideration The most desirable weight of a veal calf 
15 150 pounds The following table shows the amount of milk that is 
required to raise calves of various birth weights to 150 pounds and the 
value of the milk consumed when $2 00 per hundredweight A calf 
weighing 40 pounds at birth will require 1,100 pounds of milk by the time 
It has reached 150 pounds m weight With milk at $2 00 per hundred- 
weight the cost of the milk is $22 00 With Veal at 10 cents per pound the 
carcass is worth but $15 00 On the other hand, a calf weighing 100 
pounds at birth requires but 500 pounds of milk to bnng it to the l^O 
pound weight The milk there will have cost but $10 00 Heavier calves 
will require proportionately less miJk Unless the calves arc of large size* 
to begin with and the milk of low cost or the veal of high value, there is 
little profit to be made in the production of veal 


‘Slatx* V S DepL die, 23 172$ 
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AiloxJNTS OP Milk Required to Bring Calves op 
Various Birth Weights up to 150 Lbs 


Bulb W eighl 

A&touol oi Milk. 

talueof MiILmt 
S2<MperCvt. 

Value DlVeal 

At 10 Cts. 

40 

1,100 

900 

$22 00 

$15 00 

60 

1800 

15 00 

SO 

700 

1400 

IS 00 

90 

600 

12 00 

15 00 

100 

500 

1000 

15 00 


CALF DISEASES 

Since diseases exact a large toll from dairy herds, one of the first con- 
siderations m maintaining a healthy, profitable herd is to select animals 
that are free from disease The second problem is to taLe the proper pre- 
caution to prevent diseases, and the third is the care and treatment of 
animals that have become infected 

Selecting calves free from disease. In so far as is possible, calves 
should be selected from cows that are free from diseases which arc com- 
municable to the calves Such diseases as tuberculosis, Bang's disease, and 
Johne's disease are readily communicable to the calf from the dam, and 
no calves should be selected from animals infected with these diseases 
unless the calves are held m isolation for at least 30 days 
Prevention of diseases In medicine it is universally recognized that 
the best treatment for diseases is their prevention In the raising of calves 
there arc a number of things that may be done to insure a minimum 
of diseases These factors arc discussed m Chapter 38 Even with reason- 
able attempts to prevent diseases most herds will c\pencncc some infection 
among the calves, since calves arc much more susceptible to disease than 
older animals In addition to the majority of the diseases to which older 
animals arc susceptible, there arc a number of diseases that are limited 
to calves It IS onl> those diseases with which calves are afflicted, and not 
those afflicting older animals, that will be discussed at this point, together 
with the methods of prevention and the remedy 

Common scours. Common scours is the most common ailment of 
calves The majority of calves arc afflicted with this disease at some time 
dunng their lives The injur> done by common scours is impossible to 
measure Very seldom docs the disease itself end fatally, but it reduces 
the V itahty of the calf to such an extent that susceptibility to other diseases 
IS greatly increased In addition to this, common scours cause a setback 
to the calf from which complete recovery is not always effected Common 
scours attacks calves at any age However, calves tliat did not get colos- 
trum milk arc more susceptible at all ages than arc those that secured 
colostrum 

S)r‘ptoms The first symptoms of common scours arc general hsilcssncss, 
dull appearance of the eye, a droopmg of the cars, usually incrc.a5cd 
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respiration, and sometimes increased temperature These are followed by 
diarrhea 

Causes Overfeeding is probably the more frequent causative factor 
Sheehy, who has given much attention to this problem, finds that when 
a calf IS overfed, large curds are formed in the stomach that are not 
completely digested before the next feeding These curds, therefore, be- 
come the subject of putrefactive changes, which, in turn, cause the diar- 
rhea Too cold milk, also, may initiate digestive disturbances Probably 
next to overfeeding is general uncleanlmess and contamination of pails, 
pens, and other equipment with which the calf may come in contact 
Alfalfa hay also may sometimes cause looseness of the bowels which is 
sometimes mistaken for scours 

Treatment As common scours is due to abnormal conditions of the 
digestive tract, the first requisite m treatment is to reduce the feed to one- 
half or less of the normal and to continue the reduced ration until com- 
plete recovery is effected Sheehy also advises diluting the milk with 
water A number of other treatments are recommended A castor oil 
drench of 3 ounces of castor oil to a pint of milk is recommended by some 
This should be administered before any other treatment is given A 
number of persons have found that one tcaspoonful of formalin given in a 
pint of milk for two or three consecutive days is effective Eggs also arc 
often effective m checking the progress of this disease One or ti>o eggs in a 
pint of mdk should be given at each feed Vanous sulpha drugs are now 
used with good success in the treatment of scours Sulphamlamide should 
be given at the rate of one gram per pound of live weight Next in impor- 
tance to reduemg the feed and administering some therapeutic measure is 
keeping the calf warm and dry While common scours is not contagious, 
It IS well to remove affected calves from the healthy ones 

Acute infectious scours One of the major causes for heavy losses 
among calves dunng the first week or ten days of life is acute infectious 
scours 

Symptoms Acute infectious scours may be differentiated from the com- 
mon scours by the more rapid onset, sudden prostration, and extreme 
weakness The body temperature is usually greatly elevated and appetite 
is lacking The bowel discharges are abnormal In most cases the feces 
are yellowish while and very offensive of odor In other cases they arc 
bloody, due to damage to the gut wall ^vhich causes hemorrhage into its 
contents The ammal rapidly becomes dehydrated because of the large 
amounts of fluid discharged into the gut contents This results m sunken 
eyes and retracted belly The respiration is short and rapid and with the 
progress of the disease the temperature drops Death ensues as a rule m 
24 to 48 hours 

Causes The organisms responsible for this r^ |iu‘,^se are not well knoivn 
For calves that do not receive colostrum, apparently common coliform 
organisms produce the abo\e symptoms Infectious scours often attacks 
calves that receive colostrum and m severe outbreaks attack nearly all 
calves in a herd even chough they have received colostrum One t)P^ 
apparently gains entrance through the nav el cord, since the first cv idcncc 
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IS a s^velhng in the region of the navel For many cases the causative organ- 
ism IS obscure and all that can be said at the present is that the disease is 
due to some highly infectious organism 

Prevention The solution of the infectious scours problem lies m preven- 
tion, because once a, calf is attacked treatments notv known are not very 
effective The first and most important factor in its control is proper 
sanitation Sick calves must be removed from the healthy ones and the 
premises thoroughly cleaned and disinfected The stall in ivhich the cow 
calves must be cleaned and disinfected During the summer a clean, grass- 
covered lot IS an excellent place for calvmg The calf should receive colos- 
trum for the first day or two, preferably by nursmg its dam, and left in an 
isolated pasture for ten days before being returned to a barn in which 
there has been infection Care should be exercised in feeding, as there is 
some evidence that common scours predispose the calf to attacks of the 
infectious variety Dippmg the navel cord in tincture of lodme or a 10 
per cent solution of silver nitrate immediately after birth is effective in 
preventmg infection from this source 

Treatment In most case the onset and progress of the disease is so rapid 
that treatment is of little avail Administration of four to six ounces of 
castor Oil followed by a standard dose ofsulphaguamdme, suIphathaJidme, 
sulphadiazine or sulphamerazine has proven helpful Intravenous ad- 
ministration of salt solution and glucose is helpful in overcoming the 
dehydration and furnishing energy 

The administration of antiserums, at one time recommended, has been, 
found wanting It is possible that future research will develop effective 
antiserums, since toxic production of the causative orgamsms seems to be 
an important factor in producing the symptoms observed 

Fneumooia Bronchial pneumonia or common pneumonia usually 
occurs when the calf is m a weakened condition, resultmg from scours 
or some other disease Common pneumonia is probably the specific cause 
of most deaths among calves 

Symptoms The temperature increases to 104* or 106® F This is fol- 
loived by a cough, and the respiration becomes increasingly rapid with 
the advance of the disease until there is “gasping” for breath The skm, 
particularly at the nose, becomes dry In addition, loss of appetite, general 
listlessness, and iveakness occur A calf that recovers from pneumonia is 
left in a weakened condition and iviU seldom attain the vigor that it would 
have had if it had not been so infected 

Causes The most common cause of pneumonia is exposure to drafts 
and damp, wet quarters Of course, a predisposing factor, as has been 
previously mentioned, is a weakened condition of the calf from some other 
disease 

There is also a highly infectious type of pneumonia that will attack 
calves even m the most healthy and vigorous state One form is probably 
due to a virus, ivith other bacteria as secondary mvaders 

Treatment Warm, dry quarters is the most important factor m the 
treatment of this disease A mild purgative, such as castor oil, should be 
administered as m the case of commoQ scours, three ounces of castor oil 
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should be given in one pint of milk The appetite of the caJf declines to 
such an extent that there is no danger of overfeeding 

Goiter In certain sections of the United States goiter is a common 
affliction of calves, and the losses caused thereby are heavy 

Symptoms The chief characteristic of goiter is a swelling of the thyToid 
gland, located in the throat just below the jaw There are vanous degrees 
of swelling, from one of moderate size to one that is of such size that the 
calf IS choked 

Cause Goiter in calves is caused by insufficient iodine m the ration of 
the dam during pregnancy In many sections there is insufficient iodine 
in the soil As a result, plants grown on such soil arc deficient in iodine 
Treatment The calf affected with goiter should be given a small amount 
of iodine m the railk, but the best way of treatmg goiter is to prevent its 
onset by supplying iodine in the ration of the pregnant cow Under 
ordinary conditions, the iodized salt on the market furnishes an adequate 
amount of iodine for the prevention of goiter If iodized salt is not fed and 
goiter IS encountered, one tablcspoonful of potassium iodine solution 
should be fed daily to pregnant cows The iodine solution is made up by 
adding one tcaspoonful of potassium iodide or sodium iodide to one gallon 
of water One gram of potasiium iodide daily is adequate It may also be 
furnished m the form of tablets which may be dissolved m drinking water 
Ringworm Cal\es are very susceptible to ringworm, and it is not 
uncommon to sec whole calf herds so affected 

Symptoms RingNNorm causes the hair to fall out in spots of vanous 
sizes It may attack any part of the body but is more frequently found 
first around the neck, head, and shoulders Ringworm is very imtating, 
and the calf constantly wants to rub the affected parts against fences or 
walls of the pen The disease usually disappears dunng the summer when 
the caUcs arc on pasture 

Causes Ring>\orm is caused by a fungus which attacks the epidermic 
layers of the skin The disease is \cry contagious, its spread being effected 
by direct contact with an infected animal or from objects that have been 
contaminated by the infected animals 

Treatment First the infected spots should be washed with soap and 
water and the crusis removed, and then tincture of iodine or nitrate of 
mercury ointment should be applied daily until cure is clTcctcd AH pens 
should be thoroughly disinfected with ordinary disinfectants, and the 
fences or pen walls should be whitev>ashcd, to destroy the spores scattered 
by the infected animal Also, the infected animals should be removed from 
ihc noninfccicd ones to prevent the further spread of infection 

It his recently been shown that a solution of Phcmoral (1 1000) when 
properly applied to Uie ringworm scabs jj very eflcctivc The Phcmoral 
u applied by a wad of cotton soaked in the solution and should be ad- 
ministered three times at weekly intervab 

Warts. Warts may affect calves on any part of the body, but they 
appear most frequently about the eyes, the neck, and shoulders They 
cause no pariicubr damage but arc unsi^^htly TTicrc arc two types of 
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warts one that forms a cauliflower-Ixkc tumor, and one that forms a dense 
clublike growth It is the latter that is the more common and unsightly 
^Va^ts range in size up to a weight of 14 pounds 

Cause Warts are caused by a filterable virus 

’Treatment The most satisfactory way of treating warts is by surgery 
They may be hvisted off if small, clipped off with a pair of scissors, or 
ligated by means of a rubber band or a horse hair tied tightly around the 
base of the wart The latter strangulates them and they ivill ulumately 
slough off After removal, the roots should be cauterized wnth a caustic or 
glacial acetic acid 
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RAISING THE HEIFER FROM WEANING 
TO CALVING TIME 


hlPORTANCX OF RAPID DEVELOPMENT AS A HEIFER FOLLOWLSO \VXA^L^G 
IS comparatively easy to raise, this particular period in the animal’s life 
IS given less attention than any other period There are, houever, some 
very important economic problems to consider m feeding and canng for 
heifers of this age The important fact to ieep in mind is that a maximum 
development and earliest matunty consistent with cost is to be desired 
It has been shown previously that earlmess of maturity is, to a considerable 
extent, dependent upon the rate of growth The nutnent requirements 
for maintenance are proportional to the weight of the animal Assunung 
a constant rate of growth up to 1,000 pounds of live weight, when one 
animal, because of liberal feeding, attained that weight in 600 days while 
another animal, because of a lower plane of nutntion, required 900 days, 
50 per cent more nutnents was required for the mamtenance of the second 
animal than for the first As the average weight for the penod in either 
case IS 550 pounds, if the calf weighs 100 pounds at the beginning, 550 
pounds of live weight must be maintained for 300 days longer in the case 
of poor feeding than m the case of liberal feeding The mamtenance 
requirement for this w eight is approximately four pounds of total digestible 
nutrients per day Theslower grown heifer would, therefore, requu-e 1,200 
pounds more total digestible nutnents to bnng it to the 1,000 pounds Iwc 
weight than would the more rapidly grown one Unless the cost of the 
ration for the slower growth is less than two thirds of the cost of the faster 
grow mg ration, the faster growing ration bnngs the animal to 1,000 
pounds weight at lower cost 

A second point in favor of rapid growth and development is that the 
earlier maturing heifer wll bring earlier returns on the mvestment A 
third point m favor of rapid and full development is the fact that a higher 
production may be expected from the well -developed heifer at the time of 
the first calving 

Feeding the calf from six moatbs to one year Since the calf is weaned 
at six months, this is a critical period m its development Because there is 
reduced food mtake, the change from skim milk to a dry feed usually 
checks growth temporaniy At this point the amount of gram allowed 
should be increased, and particular attention should be paid to the protein 
content of the ration A normal Holstem weighs approximately 400 pounds 
at weamng time Accordmg to Morrison’s Feeding standard, such An am 
mal requires 8 to 9 pound of protem and 6 5 to 6 6 pounds of total 
digestible nutnents daily If the animal is furnished a low protem roughage 
ration there is a great shortage m protein unless a high protein concen- 
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trate is added An illustration will indicate the importance of sufficient 
protein in the ration at this time A 400 pound calf will consume approxi- 
mately ten pounds of hay daily Ten pounds of timothy hay contains 29 
pound of protein, which IS 6 of a pound short of the requirement It would 
require two pounds of linseed oil meal a day to supply the additional pro- 
tein requirement Ten pounds of alfalfa, on the other hand, contains more 
than enough protem for normal growth, and the concentrate that is added 
may be of any hmd More frequently than not, heifers at this age are 
suffering from insufficient protem m the ration 

Roughage From the previous discussion it is apparent that a legume 
hay IS the best roughage for the heifer from six months to one year of age 
This can be fed ad hbilum, and if it is of good quality, the animal may take 
more than pounds per 100 pounds of live weight On most farms 
silage is available, and while there is no particular reason for feeding silage 
to calves of this age, there is no evidence that it is harmful If silage is fed, 
It mav replace one-half of the bay ration, three pounds of silage replacing 
one pound of hay In so domg, however, if the concentrate is corn or barley 
or similar low protem grams, there is a danger of getting insufficient 
protem If grass hays are fed, such as prame, timothy, and Sudan grass, 
a high protein concentrate must be furnished 

Hay alone Roughage has been tried in numerous experiments for 
calves of this age,' and all have resulted in failure to secure normal growth 
The reason is probably that the rumen of calves is relatively small up to 
approximately one year of age, and the calf is, therefore, unable to con- 
sume enough feed 

Concenlrates The heifer at this age should have at least two pounds of 
concentrates daily if the roughage is of high quality, and more gram if 
It IS of low quality If the roughage is a legume, any kind of gram will 
suffice Corn only, corn and barley, and barley only have been used in 
different trials with excellent success In most cases, however, the regular 
herd ration is satisfactory \Vhen the roughage is of the low protem vanety, 
the gram mixture must have at least 25 per cent of digestible protem 
If the roughage consists of a mixture of one-half legume and the other 
half nonlegume, a gram mixture of two parts oats, one part barley, and 
one part com, furnishes adequate protein 

Pasture Pasture grass, when immature, has adequate protein content 
to supply the needs of calves from six months to a year of age However, 
It IS sull too bulky to produce normal growth in heifers of this age, and 
a concentrate should be added , this should be the same as when alfalfa hay 
is fed If the grasses are mature, the protein content becomes inadequate, 
and the grain supplement should be changed to approximately that 
recommended for the grass hays 

Minerals When the calf receives skim milk, adequate phosphorus and 
calcium for normal growth are supplied ^\ffien legume roughages arc 
fed, the calcium supply is adequate, but under certain soil conditions 

* Reed, Frrcii, AND Cave Kans. Agr Expt Sta. £uJ 233 1924 
Woix.Jour Dairy Sa 1 447-161 1918 
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there may be a deficiency of phosphorus When the grass hays are fed, 
there may be a deficiency of calcium It is, therefore, to be advised that 
bone meal be supplied to calves on such rations If it is not needed, there 
IS enough experimental evidence to show that an excess will do no harm, 
and the costs are negligible Ordinary salt should always be available 
Often calves, especially when on pasture, arc forgotten and not supplied 
with salt 

Raising yearling heifers. The age from one year to just before cafving 
IS probably the easiest time to care for and feed dairy cattle The digestive 
tract of the year old heifer has assumed mature proportions and she can 
handle any feed in the same proportion that the mature animal can The 
care of heifers naturally divides itself into two sets of problems first, those 
concerned with winter feeding, and second, those concerned with summer 
feeding 

WinUr Jeeding The different problems of winter feeding center around 
the kind of roughage used For normal growth a yearling heifer needs an 
equivalent of 1 2 per cent of us body weight m total digestible nutrients 
and from 1 to 13 per cent m digestible protein The kind and amount 
of concentrate supplement to be fed depends upon the kind and quality 
of roughage supplied 

1 If legume roughages are of excellent quality and early cut, and the 
heifer consumes two and one*half to three pounds per 100 pounds of live 
weight, satisfactory growth can be secured on roughage alone If, however, 
the roughage is unpalatable, so that an insufficient nutrient intsike results, 
corn IS an adequate supplement Any other gram cheaper than corn may 
be substituted 

2 When legume hay and low protein hays mixed are fed, if these hays 
are palatable and consumed at the rale of two and one-half to three 
pounds per 100 pounds of live weight, normal growth is secured This type 
of roughage, however, is seldom palatable enough for the heifer to con- 
sume the requisite amounts Usually it is necessary to furnish one to tv^o 
pounds of concentrate daily m order to secure normal growth on this type 
of roughage Onc-third of the concentrate should be of the high protein 
type 

3 When legume hay and corn silage are fed as roughage in the pro- 
portion of one part hay to three parts silage, the situation is identical to 
that with mixed hay as the only roughage 

4 Corn or sorghum silage as the only source of roughage makes it 
necessary to furnish both additional energy and protein in the form of 
concentrate supplement Silage is too bulky for the normal heifer to 
consume enough to furnish the necessary energy Nonlcgume sUage is also 
greatly deficient in protein At least two to three pounds of concentrates 
must be fed daily, one half of these should be of the high protein group, 
such as Imseed oil meal, cottonseed meal, soybean meal, or gluten meal 

5 When the roughage consists of the low protein kinds, such as timothy 
or praine hay, corn, or any so^hum fodder, high protein concentrates 
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must be added Satisfactory growth has been secured uhen silage was 
consumed at the rate of three pounds per 100 pounds of live \seight plus 
two to two and one half pounds of either linseed oil meal, cottonseed meal, 
or gluten meal Five pounds of bran proved too bulky as a supplement to 
corn silage 

Whether roughages of the high protein types are adequate without 
concentrate supplements depends upon the quality and palatability of 
the hays and the condition of the heifers Early cut, leafy, and well-cured 
roughages are usually palatable enough that the heifer takes m adequate 
nutrients When good roughage at moderate costs is available and 
concentrates are high priced, it is probably better to feed roughage alone 
even at the expense of a slightly reduced rate of growth 

Concentrates alone Concentrates may be the sole source of nutrients for 
growmg heifers if vitamins A and D and calcium are supplements Vita- 
mins A and D may be furnished in cod-ltver oil, and calcium in the form 
of calcium carbonate Unless these supplements are furnished with the 
gram, serious difficulties are encountered that usually terminate fatally 
Feeders of baby beefs encounter these difficulties where gram is offered 
freely Frequently when calves have free access to gram they do not eat 
hay, and hay is the chief source of calcium and vitamins A and D 

Summer Jeeding Good pasture furnishes adequate nutrients for the 
growth of yearling heifers Unless there is a shortage of pasture, it does 
not pay to feed concentrates to heifers on pasture When heifers in ordinary 
condition are let on pasture they continue to gain at normal or above 
normal rates When heifers in poor condition are let on pasture they will 
gam at faster than normal rates Heifers that are somewhat below normal, 
when let out on pasture, frequently have caught up to normal by the end 
of the pasture season Those that are much below normal, however, will 
not make sufficient gains on pasture to make up for the deficiency Animals 
that are extremely fat when put on pasture do not as a rule make normal 
gams 

Housing for yearling heifers The type of housing that will furnish 
adequate protecnon for yearling heifers differs with the seventy of the 
climate It is not necessary to furnish as warm quarters for heifers as for 
the milking cows Many believe that all the protection necessary for 
heifers is a roof with sides that will “break** the wind, even m severe 
Nonhern winters But if the heifers arc subjected to severe cold, much 
more feed is needed to supply the energy for additional production of heat, 
and this additional energy must come from added concentrates, therefore 
this type of protection becomes economically unsound under most con- 
ditions 

In the colder climates, if the cow bam has enough room, a large pen 
in a corner of the barn in which the heifers may run loose is very satis- 
factory From 35 to 4a square feet should be allowed per head Many 
find It advantageous not to clean out the pen for weeks at a time but to 
keep the pen dry by the daily addition of bedding If the cow barn docs 
not permit the building of this pen, a cheaply constructed shed built 
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With matched boards is adequate Here, too, the heifers may run loose 
and the Utter may accumulate to form a warm bed Under this plan there 
IS no need for concrete or other types of floors The dirt serves as a good 
dram for excess liquid The only inside equipment needed is a hayrack 
with a manger and a watenng trough 

For warmer climates, a satisfactory shelter is a partially open shed 
This should be closed on all but part of the south side 

When stalls and stanchions are available in the regular bam, the heifers 
may be quartered there Some difficulty, however, w-ill be expenenced in 
keeping them clean 

Age at which to breed heifers The age at which heifers should be 
bred depends to a certain extent upon the stage of development, which 
varies with the breed and individual animal It has been pointed out 
previously that growth is retarded by lactation, if not entirely checked 
The folloiving may be taken as the age to breed normally developed ani- 
mals of the different breeds 


Brown Swiss 

Holstcins 

Ayrshires 

Guernseys 

Jerseys 


21 months 
18 months 
17 months 
16 months 
15 months 


Heifers that are larger than normal for the age may be bred earlier Those 
that are smaller should be bred correspondingly later 

Gestation period The average gestation period for the cow is 280 
days, with a variation from 265 to 295 days Wing reports an almost equal 
number of births for each day from the 274th to the 287th day Although 
some claim a slightly longer gestation for male calves than for females, 
Wing found no difference 

Cost of raising heifers The cost of raising dairy heifers varies greaUyt 
depending upon the price of feeds and the methods of raising Feed makes 
up more than one half of the cost Some other items are the expenses of 
labor, housing, bedding, and veterinary service To this must also be added 
the initial value of the calf 

While the amount of feed required to raise a calf to two years of age 
vanes with the size of the animal and the method of raising, these varia- 
tions are not as great as the variations m cost The first table on page 311 
gives the average amounts of feed and labor used in the raising of 889 
heifers to two years of age The next table compares the relative amounts of 
feed and labor used by Holsteins and Jerseys ‘ These figures are not to be 
taken as absolute values but as guides in considering the cost of raismg 
dairy heifers By using the prevailing prices for the various feeds the feed 
cost can easily be calculated For most sections it is found that when all 

‘ Henderson Boweinc and Herrmann W Va Agr Expt Sta Bui 277 1936 
Hayden Ohio Agr Expt Sta Bui 289 
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The Average Amotjnx of Peed, Pasiube, and Labor 
Required to Raise 889 Bairy Heifers to 
2 Years of Age 


Whole tnilL 

Skim milL 

Concentrates 

Hay 

Silage 

Podder 

Straw 

Pasture 

Labor 


826 pounds 
1,323 pounds 
643 pounds 
2,125 pounds 
1,848 pounds 
217 pounds 
16 pounds 
332 day's 
65 hours 


Comparative Amounts op Feed, Pasture, and Labor Used in Raising 
Holstein and Jersey Heifers to 2 Years op Age 



jElLiEV 

Hoismx 

Purebred 

Grade 

Furebred 

Cnde 

Whole milk (lbs ) 

932 

794 

1,976 


Skun Qulk (lbs.) 

1,384 

1,382 

634 


Gmn (lbs.) 

900 

527 

736 


Hay (lbs) 

2, OSS 

2,120 

1,866 


Silage (lbs 

1,621 

2,004 

3,142 


Fodder Ohs.) 

44 

86 



Pasture (days) 

310 

335 

325 


Labor (hours) 

73 

69 

55 

1 



ihe costs are considered, grade dairy heifers sell for less than the cost of 
raising 

Feed before calving. Eckles and others have shown conclusively that 
the level of milk production following calving is dependent upon the 
condition of the cow at calving time * Beginning about three months before 
calving time, the heifer should have additional concentrates in order to 
put on more flesh The main objective is to put on fat, in order to do this, 
a mixture of one part corn, one part barley, and two parts oats forms a very 
satisfactory gram mixture This should be allowed at the rate of five or six 
pounds daily if the animal was in medium condition to begin with The 
amounts to be fed should be governed more by the condition of the animal 
than by an> arbitrary rules 


* Eckuu Mo Agr Expo Sta Bui {58 1918 
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THE COWS UDDER — ITS STRUCTURE 
AND DEVELOPMENT 


Milk is synthesized and secreted bv the mammary glands All 
members of the class mammalia normally possess mammary glands In the 
males the mammary glands are rudimentary and inactive except in rare 
cases In the female these glands develop to secrete milk following par- 
turition The dairy cow has been bred and selected for large milk pro- 
ducing capacity for a comparatively long time, this has resulted in the 
largest mammary development of any species Students of dairying are 
therefore naturally interested in the development and structure of the 
mammary glands of the cow 

The development of the mammary gland from the early embryological 
stages up to maturity has been carefully studied by a number of people 
The more important phases of this development will be discussed after 
the gross and microscopic anatomy of the developed and functioning 
gland has been considered 

Evolution of (he mammary gland The development of the mammary 
gland from the elementary form to the highly specialized form in the 
dairy cow can be traced up through a number of species * The lowest form 
of mammalia is represented by some egg lay mg species found in Australia, 
of which the duckbill is typical The mammary glands of the duckbill 
consist of from 100 to 200 lobules on each side of the median line of the 
abdominal wall Each lobule opens to the exterior through a duct like a 
sweat pore At the opening of each duct there is a hair and no nipple 
the milk oozes out of the ducts to form drops on the hair, and the young 
lick the drops from the hair 

The next step in the evolution of the mammary glands is the bringing 
together of a number of ducts into a teat or nippfc This is represented 
by a group of animals known as marsupials, whose mammary apparatus 
IS enclosed by a pouch called marsupian, into which the young are placed 
The kangaroo and opossum arc typical representatives of this group While 
from ten to twenty ducts come together m a single teat, there is no milk 
Cistern, each duct comes to an opening in the end of the teat 

Further development in the evolution of the mammary gland is ef 
fected by the formation of a milk cistern into which the ducts empty, one 
teat draining but one or a few of such cisterns Another marked feature 
m the evolution of the mammary glands is the crowding together of the 
several glands into one unit, this, the highest development, has been 
reached by the cow 

I Bresslau E Th^ Mammary Apparatus oj tht Mamrrudia Methuen and Co London 
1920 
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Hg. 66. longitudinal section of the udder of a loctoting cow in which the 
forequarter was stained w.th safranin ond the rear quarter with methyle'ne 
blue. Nate the sharp line of demarcation between the two quarters, the well 
defined cisterns, and the porosity of the gland. 


The mammary glands of the cow. The mammary glands of the emu 
we grouped together into one structure, called the udder, which h sus- 
pended from the posterior part of the abdomen. The normal udder 
comuts of four glands divided into two halves, with each half again di 
VKled into hvo quarters. The halves are separated by a strong HgaLn; 
known as the median ^-t^ponjory ligament. This ligament is flso one of 
of the udder, the fibers of svhich, coming out of the 
abdominal wall, penetrate deeply into the mammary gland. While the 
fore and rear quarters are not separated by a memtone" they are n 
dependent of each other, each quarter having a teat which*^ permits 
drainage of the milk produced in that quarter. That each onfrf 
separate in so far as the duct system and drainag; is concerfedTr S " 
demonstrated by the injection of dyes of dilTermt coTornTt^S 
and rear quartern. Figure 66 shows the dilTcrcntiation of front and rear 

anfear" injection of methylene blue into the rear quarter 

and saframn m the fore quarter. ^ 

ih doal of variation in the shapes of 

the udders of cows. The ideal udder Is one that has a lev cl floor upon 
■he t^u are squarely placed and far apart, the fomquaTem'^f Meh 
extend far foi^vard. Such an udder is d«pcr in the rear ihnn in .k r 

ductothccontoursofthcanatomyfronn^hichitUsusDcnded Tnr) 

fore, such an udder is .idcr in thcVorc than in tL'^r^^Duc 
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Fig 67 A cross section of the end of the teot showing the meolus partly 
open 


of the attachments udders frequentjy arc pendulous Again, they may be 
“halved’, that is the two halves may appear quite separated Another 
defect IS that of quartering, the quarters appearing to be separated All 
these defects are due to some fundamental anatomical factor The break 
ing of the udder to form the pendulous type is usually due to a weakening 
of the lateral and median suspensory ligaments The halvmg and quarter- 
ing are due to an inadequate development of the secretory tissue of each 
of the four glands The age of the cow also affects the shape of the udder 
With the advance of age udders have a tendency to become more quar 
tered and naturally more pendulous 

Internal structure of the udder A discussion of the internal structure 
of the udder is facilitated by considering, one at a time, the number of 
systems going to make up the anatomy of the udder These are the duct 
System, which permits the drainage of the milk, ending with the teat, the 
microscopic secreting tissue, the blood or vascular system, the lymph 
system, and the nerve system 

The duct system The duct system may be considered by beginning 
with the teat and following the ramifications back into the udder, ending 
wath the secretory tissue As previously stated, each of the four glands of 
the cow s udder has a teat for the exit of the milk The teat consists of a 
wall of varying thickness, a teat meatus, and a teat cistern The teat meatus 
IS the opening in the end of the teat through which the milk is expressed 
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This canal is 8 to 12 mm in 
length and is lined with a num- 
ber of longitudinal folds which 
interrelate so as to close the 
opening These folds are kept 
pressed together by strong 
sphincter muscles The general 
structure of the teat meatus is 
illustrated in Figure 67 Im- 
mediately above the teat mea- 
tus begins the teat CLsiern, 
which is the cavity of the teat, 
into which the milk drains 
naturally Milk is expressed by 
shutting off the upper part of 
the teat cistern and applying 
pressure below to open the teat 
meatus The teat cistern opens 
up into the gland system At 
the junction of these two cis- 
terns there is a circular fold 
extending into the cavity which 
makes a sharp line of demarca- 
tion between the teat cistern and the gland cistern It has been reported 
that m some cases this fold extends into the cavity so far as to hinder the 
dramage of milk from the gland cistern into the teat cistern 

A very important practical feature of the upper teat cistern wall is 
the location of varying numbers of accessory glands that secrete milk 
Injury to these occurs often and may result in infection that can readily 
spread to the rest of the quarter 

Gland cistern The gland cistern is an irregularly round or oval cavity 
in the louer part of each gland It serves as a storage space for milk that 
drains down from the secreting tissue The capacity of the gland cistern 
vanes greatly with cows and even with the different quarters in the same 
cow A fair average capacity would be about a pint However, capacities 
as low as a quarter of a pint have been reported The milk ducts open in 
the upper and lateral walls of the gland cistern 

Afilk ducts There are from 12 to 50 or more large ducts m each quarter 
opening into the gland cistern Each of these ducts branches and re- 
branches many times , like the branches of a tree, the final branches end 
in alveoli which contain the active secreting cells Each of the large ducts 
drams a certain portion of the gland, which is called a lobe Therefore, 
each gland has as many lob^ as there are duct openings in the milk 
cistern 

The alveolus The alveolus is a tmy structure resembling a balloon, 
lined with a single layer of epithelial cells These cells are nucleated and 
are the active principals m the secretion of milk The epithelial cells rest 
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Fig. 71. Dissection showing the veinus ring with anastomotic branches in the 
posterior. AnteriorJy these veins form the “milk veins.” 


upon a basement membrane on the outside of which arc the blood vessels, 
lymph, and nerve connections. The materials from which milk is made, 
coming in contact with the base of the epithelial cells through the walls of 
the tiny capillaries, arc picked up by the ceils and manufactured into milk, 
which is expressed into the lumen of the alveolus and then drained out 
through the duct system, A large number of alveoli drain into a common 



Fig 72 This is a microscopic cross section of on active mammory gland 
Note the lorge alveolar openings and the small cells The doric spots ore fat 
porticles The inset is a schematic cross section of on olveolus 

ductule forming a small lobule, \%hich js surrounded by a connected tissue 
membrane (Fig 72 ) 

The ciTCulatot} system The mammary gland gets its blood supply from 
one artery coming into each half of the udder TTiis artery , w hich is known 
as the external pudic artery and which comes through the inguinal canal, 
IS a branch of the iliac artery The external pudic artery divides im- 
mediately after entenng the udder into t\\o mam branches — into what is 
called the cranial and caudal arteries The forward branch, known as the 
cranial artery , rcdiv ides infinitely to form capillancs supply mg the arterial 
blood for the forequarter, while the caudal branch does likewise to supply 
the blood for the rear quarter The skin and the subcutaneous tissue of the 
udder secure their blood supply from the general pcnphcral circulation 
I'eins The \cnous s^■5tcm has its origin with the 6nc capillancs and, 
unlike the artenal system, continues to amalgamate with the flow of the 
\enous blood In the udder the veins all lead together to form what is 
known as the venous circle — two large veins, one at the base of each half, 
which arc anastomosed (joined together) by a smaller vein in the rear 
There arc three exits from the venous system of the udder One runs for- 
ward in what IS known as^hc milk vein or subcutaneous abdominal vein, 
another one, the external pudic vein, parallels the external pudic arterv , 
and a third and smaller one is the pennea), which carries the blood up- 
ward, and which enters tlicT^ody through the pcKic arch The milk vein 
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IS the one most commonly known, its size has usually been correlated Avith 
production The milk vein may be ligated without affecting milk pro- 
duction , this IS easily understood when one knows that there are tivo other 
exits for venous blood 

Tht lymph system Lymph or tissue fluid has its origin m the blood It is 
carried away from the tissue in small vessels known as ly mph vessels In 
the udder these vessels join together to form larger vessels running toward 
the posterior dorsal side of each half of the udder, where the supra mam- 
mary lymph gland is located All lymph produced in the udder flows 
through the supra mammary lymph gland Three lymph vessels exit from 
each of the lymph glands to go through the inguinal canal and finally flow 
back into circulation through the lumbar lymph trunk The veinlike 
projections of the udder of many cows are not veins but lymph vessels 
Frequently at the time of calving, lymph is not drained away from the 
udder as rapidly as it is produced This is largely responsible for the swell 
mg of the udder commonly experienced folloiving calving Sometimes the 
swelling extends along the abdomen as far forward as the forelegs 

The nerve system The mammary gland is innervated by both spinal and 
sympathetic nerves Fibers of both of these systems pass through the 
inguinal canal to mnervate the udder These branch to follow the arterial 
system The spinal nerve may branch before coming through the inguinal 
canal and send fibers through abdominal foramina anterior to the inguinal 
canal to innervate the fore udder The skin and teats of the udder arc 
innervated by lateral branches of the lumbar nerve A resection of the 
mgumal nerve does not desensitize the skin and teats 
Cutting the inguinal nerve to the udder has no effect upon milk secretion 
or the letting down of the milk The skm of the teat is innervated by 
sensory nerves, touch, cold, warmth, and pain perceptors 

Embryological development ‘ The tissue from which the udder de- 
velops IS differentiated m the very early embryonic development When 
the fetus is in the 1 4 to 1 7 cm stage, there is found in the inguinal region, 
where the udder later will develop, a thickening of the epithelium on each 
side of the median abdominal line This thickened condition gives rise to 
what IS known as the mammary line The mammary line then starts to 
differentiate into fore and rear glands, by the formation of what is known 
as the mammary bud This is effected by a continued increase m the cells 
of the mammary line — first to form a hillock, and then a depression into 
the tissues (sec Fig 73) By continued development of the hillock, there 
IS given rise to what will later be a icat When the embryo is about 12 cm 
long, a core of solid epithelial cells pushes itself inward from the hillock 
This core is called ihe primary sprout, which later canalizes or opens up m 
the center to form ihc teat cistern The primary sprout continues pushing 
usclf into the tissue in a perpendicular way, and canalizes to give rise to 
the gland cistern The primary sprout then branches to what is known as 
the secondary sprouts, each of which gives rise to a duct When the fetus 
IS about 30 cm in length, the primary sprout gives nsc to a cavity m the 
‘TuttSFB C U Nto Am- Evpt SU Ro BuU HO 1930, and 160, 1931 
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Fjg 73 Embryologicol develop/nent of the mammary gland A, The moni' 
mary bud (fop) and the hillock stage (below) B, An enlargement of the 
mammary bud C, Beginning of the primory sprout and development of the 
teats. D, Beginning of the secondory sprouts E, Formotion of the cisterns. 



THE cow’s UDDER 


321 



Fig. 74. Four stages in the development of the mammary gland. A, Cross 
section of the gland at birth, showing small milk cisterns and large amounts 
of fat and connective tissue. B, Cross section of the gland of an 11 month 
old heifer. The ducts have now pushed farther into the fat end connective 
tissue. The fore and rear quarters are still separate. C, Cross section of a two 
year old virgin heifer, showing more extensive development of the ducts. 
D, Cross section of a three year old virgin heifer. The gland tissue has pushed 
much farther into the fatty connective tissue, and the fore ond rear quarters 
are now together. 


Utac, awi oa sccaadacy catsaUxt. to cis/c to 

At birth the udder of the female calf has a welhdeveloped cistern of the 
teat and gland. (Fig. 74.) The secondary sprouts, however, have made 
only slight development. The udder normally remains stationary until 
sexual maturity. With each recurring oestrus there is further development 
of the duct system. The development of the mammary gland from the 
earliest observed milk line through birth to puberty is illustrated in 
Figure 74. It is to be noted that for the heifer the major portion of the 
udder consists of fat, and the development of the duct system, with re- 
curring oestrus cycles, consists of replacing the fatty material with the 
proliferating ducts. 

Pregnancy. Following pregnancy there is a rapid development of the 
duct system. Most of this development takes place during the first five 
months of pregnancy, so that at the end of this period the duct system is 
practically completely developed. With this increase in the duct system 
there IS coraparaiivciy little increase in the size of the udder. TSUth the 
advancing of pregnancy the udder increases greatly in size, due to a dif- 
ferent type of development. During the latter part of pregnancy the 
development is in llic formation of the alveoli with their cpitbclian cells. 
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Fig. 75. Udder development with diethylslilbestrol. Sometimes the udder 
may be fully developed by the subcutaneous odministrotion of estrogens. 
On the left is shown the appearance of o two year old sterile Jersey heifer 
on the day injections of 20 mg. diethyJstiJbestrol three times weekly were 
begun. On the right is shown the appearance of the same animal three 
months later with fully developed udder, milking as well as any of her 
sisters following normol calving. Injections were continued for only three 
weeks. 

While this development is going on, thc*'c is comparatively little secretion 
of milk or milkhke products Not until shortly before parturition is milk 
secreted to any extent. At the time of parturition the udder is dev eloped to 
its full extent 

Causes of the udder development. In the rat and other laboratory 
animals it has been demonstrated that in the castrated (otherwise normal) 
animal two hormones arc needed for complete development of the mam- 
mary gland Estrogen, the female sex hormone, causes the development of 
the ducts The normal estrogen k estradiol, secreted by the follicle of the 
ovary Several synthetic estrogens are now available at low cost. The sec- 
ond hormone, known as progesterone, is produced by the yellow body 
(corpus luleum) It causes the development of the lobular alveolar system- 
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Other pituitary hormones^ thy ro\in and adrenal hormone^, are also neces- 
sary but in the normal animals arc presumed to be always present 

For the cow the hormonal requirements base not been adequately 
established but it is assumed that they are the same as for the rat So far, 
no one has developed a system of hormone treatment that \sill insure the 
full development of the udder m infertile cows which is very' desirable 
from a practical standpomt In some cases, especially in heifers, the ad- 
ministration of symthetic estrogen, dicthylstilbestrol, has produced full 
development and complete lactation In other and for the most part older 
infertile cows only partial development occurs to this treatment In some 
cases administration of progesterone together with estrogen enhances the 
growth and m other cases no benefit from this hormone is noted 

Involution. Following the height of milk production, there is a gradual 
recession of the size of the udder and the amount of milk secreted, and 
foUowmg the cessation of milking there is a rapid shrinkage of the glands 
This IS due to the disappearance of the alveoli With the recurrence of 
pregnancy the alveoli again develop, due to the secretion of the hormones, 
estrogens, and progestenn 



THE PHYSIOLOGy OF 
SECRETION 


• Chapter 32 
MILK 


As MILK IS ONE OF THE MOST COMPLEX OF NATURALLV OCCURRING SOB 
stances, it is only to be expected that there has been much speculation 
as to Its synthesis and that much remains to be learned Not only is milk a 
complex substance (see Chapter 45), but many of its constituent parts 
are very complex and found nowhere else hut in milk The more important 
of the milk constituents are the proteins (casein, albumen, and globulin), 
milk fat, milk sugar or lactose, and the salts There are m addition many 
minor constituents, such as the pigments, vitamins, and other organic 
compounds, that are always present in milk 

Fundamental knowledge about the many factors involved m lactation is 
of recent origin Before the more important facts ivere known a great deal 
of speculation took place which resulted in the formulation of so-called 
“theories of milk secretion ” These theories will be briefly considered and 
will be followed by a consideration of the recently discovered, more 
important facts about the complex phenomenon of lactation, which, for 
ease of discussion, is divided into five parts endoenne factors, time when 
milk IS secreted, equilibria between milk and blood, relation of pressure to 
secretion, and synthesis of the milk ingredients 
Theories of milk secretion Mdk secretion refers to the process by 
which the constituents of milk are synthesized by the cell It should not 
be confused with the terra “letting down,” which will be discussed under 
a separate heading 

Many theories have been advanced to explain the phenomenon of milk 
secretion These theories may be divided into the following four classes 

1 The theory of filtration 

2 Milk IS the result of cell degeneration 

3 Milk IS secreted by the cells as the result of true cell metabolism 

4 A combination of two or all three of the above 

The filtiaUon theor^} One of the oldest theories as to hoiv milk is secreted 
IS that the mammary gland acts as a filter takmg out of the blood the 
different constituents of milk For this theory to be tenable, the blood 
would have to contain all the constituents of milk Since chemical analysis 
of the blood has failed to reveal the presence of many of the characteristic 
constituents of milk, such as lactose, milk fat, casein, and many others, 
this theory must be discarded as inadequate Some of the blood con- 
stituents, such as globulin, urea, man) of the salts, and others, arc found 
in milk, and must filter through the mammary cells from the blood 
324 
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Cell degeneralion theory In about 1870 a theory ^vas advanced that milk 
IS formed by a breakdo\v n of the alveolar cells through a fatty degeneralion 
process This theory, widely accepted for a time, accounted for a con- 
tinuous secretion of milk by postulating a rapid cell division, with the cells 
next to the alveolar cavity liquefying to form milk This led to the concept 
that milk was liquid meat The theory found support in the finding of 
cellular material in milk, but it has now been shown to be inadequate in 
accounting for milk secretion Microscopic examination of the mammary 
gland does not give evidence of cell division that would account for the 
amount of milk secreted It would require the degeneration of billions of 
cells for the production of milk for one milking of an ordinary cow 
True cell melaboltsm theory That milk is formed, in the mam, by true cell 
metabolism of the alveolar cells is the generally accepted theory of today 
There are many different ideas among the proponents of this general 
theoiy as to how the cell synthesizes milk It is agreed that the blood 
precursors of the different milk constituents “filter” into the alveolar cells 
where they are acted upon in whatever way is necessary to change them to 
the milk constituents There are two general ideas as to how the newly 
formed milk is liberated from the alveolar cells into the cavity of the 
alveolus One is that, as the milk is formed, it continuously oozes out of the 
cell into the alveolar cavity The other idea is that, as milk is formed in the 
cell, it is forced to the lumen end (the end in the alveolus), causing an 
elongation of the cell, which finally ruptures or decapitates to free the milk 
into the alveolus 

A combwatton oj true cell metabohsm and other factors Although there is 
little question that the synthesis and secretion of milk is, in the main, due 
to special metabolism of the alveolar cells, there is also evidence that some 
parts of normal milk come from cell degeneration and infiltration of blood 
constituents It is to be expected that some of the millions of alveolar ceils 
m the udder arc constantly degenerating to become a part of the milk 
Although such degeneration is normal in the formation of milk, it cannot 
be said to be essential for the synthesis of milk A number of the ingredients 
of milk apparently come from the blood without being altered Most 
conspicuous of these is milk globulin, which is a constant constituent of 
milk and which is identical with the globulin of the blood Other milk 
constituents, such as the vitamins, mineral salts, and the various flavoring 
compounds from the feed, are not essential constituents for the synthesis of 
milk and come into the milk from the blood m an unaltered form 

Recently discovered facts about lactation Endocrine factors A fully 
developed udder will not secrete milk without the action of hormones 
It IS well established that a hormone known as prolactin secreted by the 
anterior pituitary gland is essential for the initiation and the maintenance 
of lactation Tins hormone is also commonly known as the lactation hor- 
mone Many cows, undoubtedly, arc poor milk producers because they 
lack the ability to produce enough of this hormone Several experiments 
have shown great increases in ituik production in some cows following 
injecuon of prolactin 
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Thyroxin, the hormone secreted bj the thj roid gland, is also needed 
When the thyroid gland IS removed, the cow dnes up Administration of 
thyroxin or thyTOid glands will restore and maintain lactation in the 
operated amm^s Recent experiments have shown many cows to respond 
with increased milk and fat percentage when cows are fed thyTOprotem or 
lodmated casein This substance contains the hormone thyroxin 

The adrenal gland secretions are also required for maintenance of 
lactation Removal of these glands in a number of species invariably causes 
lactation failures which may be prevented by the injection of adrenal 
cortex extract ^Vhether adrenal hormone deficiency exists m the cow is 
not known 

Other hormones secreted by the pituitary and other glands are un- 
doubtedly also needed for full lactation An excess of the estrogenic 
hormone has a depressing effect upon milk flow 

Several investigators have reported not only the full udder development 
from the administration of diethylsiiibestrol, a synthetic estrogen, but m 
some cases as high levels of milk production as would be expected follow 
ing a normal calving The full explanation for this behavior is not at hand- 
but It must be assumed that the other hormones needed for lactation were 
secreted m adequate quantities This latter view finds support m that often 
no (or very little) milk secretion takes place, presumably because of the 
lack of sufficient secreuon of the needed hormones 

Time when milk is uaeted * Until recently ji was ihougbt lhai most of the 
milk obtained at a milking was secreted dunng the milking act One of the 
reasons for such a belief was that the udder did not have the capacity to 
contain all of the nuLk that was obtained Another reason was the observ- 
ance that shordy after milking was begun the teats and udder became 
distended — leading to the mterpretation that a sudden rapid secretion of 
milk had taken place A senes of expcnmenls conducted by a number of 
different investigators has shown conclusively that all of the milk gotten at 
a milking is present m the udder when the milking begins and that none 
IS secreted dunng the milking process 

That the udder has capacity for all of the milk has been shown by in- 
jectmg back into it more than was removed That all of the milk is in the 
udder has been demonstrated by slaughtenng high producing cows at 
milking time and removing the udder Investigators have been able to 
account for more milk than the cow was expected to produce had she been 
milked before slaughter Other expenments have shown that at milking 
time the pressure w ithin the udder is of such a magmtude that milk cannot 
be secreted 

PressuTe and milk secretion * Not only is all of the milk obtained at a 
milking present in the udder at milking time, but it is now known that as 
soon as milking is completed the secretion of milk begins After ev acuauon 

* Peterses, W E , Palmer, L S , and Ecki£s C. H Am. Jour Ph>-siol 90 573 
1929 SwXTT, W AND Graves R R Jour Agr Res. 45 385 1932 

* Garrisos AND Tlrner Mo. Agr £xpt. Sta. Res. BuL 234 1936 

PetzRsek, \V £,andRjcor proc.Soc.ERpt Biol and Med. 1932. 
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of the milk, the alveoli are more or less empty and the new secretion takes 
place without meeting any back pressure As the alveoli fill up, they be- 
come distended and the back pressure of the milk therein first slows down 
the rate of secretion and finally stops it completely When the intra- 
alveolar pressure reaches 30 to 40 mm in mercury pressure, milk secretion 
IS completely stopped and re absorption begins 

The inverse relationship between mtra alveolar pressure and the rate 
of milk secretion accounts for the greater milk production obtained by the 
more frequent milkmg per day The evidence now available indicates 
that when cows are milked at six hour intervals, no back pressure m the 
alveoli develops and the maximum production is attained 

Equilibria beiiieen mill, and blood * When milk is isotonic w ith blood, 
each having osmotic pressures of 6 6 atmospheres, the two are not in 
equilibrium On a molar basis * milk contains 20 times the fat, 40 times the 
sugar, 7 times the potassium, 7 times the phosphorus, 14 times the calcium, 
and 4 times the magnesium contents of the blood Blood contains twice the 
protein, 4 times the chlorine, and 8 times the sodium contents of milk 
There is, therefore, a constant force present to bring these various sub- 
stances toward the same levels in milk and blood The pH of rmlk is 
normally 6 5 while that of blood is 7 4 Approximately three fourths of the 
osmotic pressure of blood comes from the chlorides while the same portion 
of the osmotic pressure of milk is produced by lactose 

Other blood substances are found in the same concentrations m the milk 
This IS the case for urea, uric acio, creatine, and several other naturally 
occurring blood constituents Many substances of dietary origin in the 
blood find their way into the milk by simple diffusion Among these are 
various feed flavors in the plasma portion of the milk Those feed flavors 
that are fat soluble may be concentrated in the milk in a degree many times 
that found in the blood It has long been known that to avoid milk flavors 
from certam feed stuffs, the animals should be fed ojler rather than before 
milking This fact is explainable by the fact that the flavoring constituents 
will then have tune to be passed out of the blood, and as the levels m the 
blood become lower the substances will pass back from the milk Many 
substances find their way into the blood via the lungs ’ Among the sub- 
stances that will pass into the blood through this channel are barn odors, 
turpentine, and many aromatic compounds Once in the blood the be- 
havior with respect to getting m and out of the milk is identical to that of 
substances havmg their origin m the feed 

A third group of substances m the blood are not normally found m milk 
Most prominent of these are sodium bicarbonate and blood albumin The 
normal mammary gland membranes do not permit the passage of these 
substances 


' Petersen W E Jour Dairy Sacncc 25 71 1942 
Petersen W E Recent Pre^ Hormone Res. 2 133 1948 
*Smus Intematl Dairy Cong Proc. 2nd See., 50 1931 
* Brereton AND Petersen Jour Dairy Saci^c 25 381 1942 
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Factors that tend to produce equilibrium Mastitis, failure to remove the 
milk, and injection of various substances into the udder tend to shift the 
composition of the milk more toward that of the blood In mastitis, de- 
pending upon the severity of the attack, lactose of the milk will be de- 
creased, as ivill calcium, phosphorus, and casein Chlorine, sodium, and 
globulin will be increased and blood albumin and sodium bicarbonate not 
normally present in milk \viH be found there The pH of the milk will 
increase toward that of the blood 

Failure to remove the milk for many days tends to produce changes in a 
similar direction This phenomenon explains, at least in part, the compo- 
sition of colostrum In the production of colostrum the secretions accu- 
mulate for long penods and equilibria forces come into play Milking daily 
during the period before calving prevents the formation of colostrum 
Apparently the exchange of milk and blood substances not in equilibrium 
begm when the intra alveolar pressures become sufficient to stop the 
secretion of milk Equilibria phenomena do not wholly explain the dif- 
ferent compositions of colostrum from that of normal Total protein of 
colostrum is much higher than that of blood, as is also the case with 
vitamins (especially A) and antibody proteins 

Blood flow through the udder One of the astounding recent discoveries is 
that of the enormous amounts of blood flowing through the mammary 
gland Shaw and Petersen,^ on the basis of calcium uptake from the blood, 
estimated 387 volumes of blood for each volume of milk Graham et * al 
calculated 500 times as much blood as milk Assuming 400 volumes of 
blood to One of milk, a cow producing 50 pounds of m»lk daily must punp 
10 tons of blood through the udder 

Synthesis of the milk constitucats In recent years much ivork has 
been directed toward a study of the synthesis of the different milk con- 
stituents from the blood precursors VV^iIc the knowledge in this field is 
still far from complete, there is enough known to show that the process of 
the making of milk is very complex Kno\vledgc has been gamed from 
experiments on living cows m which analyses for various blood constituents 
are made of simultaneously drawn arterial and mammary vein bloods 
by means of the perfusion technique, m which the isolated udder is per- 
fused with bloods that are circulated over and over with or without 
additions Other experiments succeeded by altering the blood m the in- 
tact animal, for example, by the administration of insulin to lower the 
blood sugar and by the incubation of mammary tissue with the addition 
of the various materials to be studied A brief consideration of the knowl- 
edge gained from these studies on the way fat, proteins, lactose, and min- 
erals of milk are accounted for will add to a better understanding of the 
physiology and biochemistry of Jactation 

Milk fat Milk fat differs from other fats m that it consists of mixed 
triglycerides, having all the even numbered carbon fatty acids from the 4 
carbon fatty acids (buty ric) to the normal 1 8 carbon fatty acids character- 

* Shaw and Petxrsen Amcr Jotir Fhyued 123 183 1938 

* Graham, Jokes, AND Kay Roy Soc Londoo Proc , S^cs B 120J30 1936 
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istic of body fats The question of the source of nulk fat and the method of 
Its synthesis has been one of debate Some have postulated that the milk 
fat might come from carbohydrates and others that it comes from fat of the 
blood Comparison ^ of the fat content of the arterial blood as it enters the 
udder with that of the venous blood coming from the udder, shows a 
diminution m the amount of blood fat that can account for the milk fat 
Blood fat, however, docs not possess the lower fatty acids charactensuc 
of milk fat If the blood fat is the source of all milk fat, then it is altered by 
the mammary cells 

Work at the Minnesota Station has shown that fatty acids are present 
m the basal part of the epithelial cell * The lower fatty acids of milk fat 
could be accounted for by ondauon and reduction of the blood fats, as it 
IS well known that fatty acids are reduced by two carbons at a tunc by 
this process Further evidence that fats are altered m the mammary glanc^ 
comes from analysis of mammary glands * The fats of the active mammary 
gland have been shown to be intermediate between body fat and milL 
fat, measured by the chemical methods usually employed Perfusing a 
survivmg mammary gland with saitne solution changed the fat of the gland 
to stiU more nearly resemble milk fat The fat from the udders of nonlactat- 
ing cows resembled body fat 

Milk fat may be said to be synthesized somewhat mdependently of the 
other mdk ingredients This is supported by the fact that each fat globule 
of milk is surrounded by matenals (sometimes called membrane), of which 
phospholipids are characteristic, that arc not in the rest of the milk By 
agitation the matenals around the fat particle will be more or less evenly 
dispersed throughout the milk 

The amount of fat in the milk is mfluenced by factors that do not affect 
the proportions of the other milk constituents High fat content m the 
diet increases the fat content of milk, while fish oils in the diet decrease the 
iat concent of the mdk \nthcuc aSecCutg the other constitueats 

The mam evidence opposing the theory that blood fat is the only 
source of milk fat is the high respiratory quotient of the mammary gland 
(R Q, = 1 2), which IS usually mterpreted as indicating the formation of 
fat from carbohydrates The breakdown of fat by oxidation and reduction 
should produce a R Q. of less than I 0 As will be pomted out later, there 
IS just enough of carbohydrate material taken up from the blood to account 
for the lactose m the milk This fact, taken with the greater uptake of 
neutral blood fat than is required for the butterfat, outiveighs the evidence 
against blood fat being the sole precursor of butterfat 

Milk proteins The blood precursors for and the mode of synthesis of 
milk proteins are still obscure Two milk proteins, casern and lactalbumin, 
are different from any blood protein and, therefore, are synthesized from 
some blood precursors Lactoglobulm, the third protein found in milk, 
IS identical to blood globulin and may be assumed to get into the by 

1 Shaw ASD Petebsen Jour Dair^ Soence. 25 t045 1940 

* Kellxy A^D Peterse** Jcfut D^ry Science. 22 7 16 1939 

* Pete»en, Palmer, am> Ecxles. Aid Jour Ph>-sioL 90 582, 592 1929 
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Fig. 76. Here Is shown Ihe effeci of waiting 20 minutes after stimulation for 
let'down before beginning milking. Solid lines represent milk weights and fat 
percentages for 14 consecutive milkings done one minute after stimulation 
for lehdown was mode. The dotted lines present the some facts for 14 con« 
secutlve milking with a 20 minute intervol between stimulation and the be* 
ginning of milking. 


is frequently observed. In these postulates the cow was credited with the 
ability to shut off the milk ducts. Needless to say all of these postulations 
have been found wanting. 

The e.\periraents at Minnesota and Kentucky ^ shoAved that the let- 
down of milk is due to a reflex act involving a stimulus, a hormone from 
the pituitary gland, the blood, and the smooth muscles in the mammary 
gland. The teats are richly endowed with nerve endings that perceive 
touch, pressure, and w'armth. These perceptors are maximally stimulated 
by the natural nursing act of the calf. This stimulus causes the posterior 
pituitary gland to secrete into the blood a hormone known as o\ytocin 
which is carried by die circulation to the udder where smooth muscle cells 
arc contracted to squeeze the alveoli forcing the milk out into the ducts. 

Amputated udders, when perfused with blood, will respond %vith a 
complete expulsion of the milk following injection of oxytocin into the 
circulating blood. Not until the discovery of this fact could perfusion 
experiments be carried on because of the failure to get the milk out. When 
injected into the jugular vein, it requires about 45 seconds for the hormone 
to reach the udder. This agrees very well with the time interval observed 


* Euy aso Petersen. Jour. Dairy Socnce. 24.2tl. 1941. 
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Fig 77 Fright prevents response to the milking stimulus The upper curve 
presents the rote of milking foltovring proper stimulation one minute before 
milking began The lower curve shows results when the cow was frightened 
by unusuol noises before and two minutes after milking began Following the 
administration of oxytocin the milking progressed normally 


bet\>een the application of the stimulus and the appearance of the turgid 
condition of the lower part of the udder and the teats 

Factors aftcUng the response Since the response to the milking stimulus 
IS a reflex act, it is to be expected that it can be conditioned Experiments 
have shown that response can be either partly or completely blocked by 
varying degrees of excitement and the promptness and completeness of 
the response can be altered by milkmg techniques When cows were 
frightened by explosion of paper bags, stuck with pins, or had a cage 
of bats placed in a manger, the response was completely blocked Only 
the milk that had drained down into the ducts and sinuses was obtained 
Intrajugular injection of ten umts of oxytocin caused a complete let-down 
of the remainder of the milk Milder excitement, such as ^at caused by 
placing grain feed out of reach but m plain sight caused a slow response 
prolonging the milking time and finally resulting in an incomplete force- 
out of the milk 

It has also been demonstrated that prolonged stimulation, such as is 
the case with slow milkers, or prolonged stnpping, will cause cows to 
develop habits of responding with a slow let-down over a long period of 
time and incomplete emptying of the gland These facts form the basis for 
the recommended milkmg procedures m Chapter 35 
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Fig 73 Cows milk at different rotes Curves showing different rotes of milk 
withdrowol by machine milking The rotes of milk withdrawal for 492 was 
markedly increased following the in|ection of oxytocin to show that she re> 
sponded normally with a slow let down of milku The milking rate for 633, a 
hard milker, was not increased following oxytocin The time required for 
milking 492 can be shortened by proper training, for 633 training is without 
effect 

Time factors in response * When it was demonstrated that from 45 seconds 
to minutes are required for the actual let-down of nulk to occur follow -> 
ing the stimulus, the question naturally arose as to the time the hormone is 
effective following its release into the blood stream Two types of experi- 
ments have been used to furnish the answer In one, definite time lapses 
are allowed between the stimulus and the begmmng of milkmg In the 
other, each quarter of a cow is milked separately and m order, and the 
amount of is noted Followmg milkmg, the oxytocic hormone is 
mjected and the remainder of the milk removed and amounts noted In 
the latter case, it was found a decreasing proportion of the milk contained 
was obtained ivith each successive quarter milked With the former experi- 
ments with a 20 mmuic interval bctVNecn the stimulus and the beginning 
of milkmg incomplete milkmg and a rapid decrease in daily milk pro- 
duction set in From these experiments it is calculated that not more than 
8 minutes should elapse betiseen the application and the finishing of the 
milking or not all of tlie milk will be obtained 

* Miixen A^D Petersen Joor Dairy Sacncc. 2A 225 1941 
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Effects of incomplete milking Not getting all of the milk out of the alveoli 
at each milkmg speeds up the drying up process It has long been knoivn 
that stopping milking for ten days to Uso weeks will cause cows to dry 
up completely This technique is now generally used when it is desired 
to dry up cows for a rest penod before calving Failure to get all of the 
milk out at each milkmg tends to dry up coivs m the same manner but at a 
slower rate 

If the alveoli are not emptied, it is obvious that they will be filled sooner 
by the new secretion than when completely empty The effect is, first, to 
develop a pressure ivithm the alveoli to reduce the rate of secretion The 
pressure also is apt to reach the level where milk secretion scops and some 
of the ingredients in the blood arc exchanged for some mgredients m the 
mill This exchange is assumed to upset the secretory mechanism in the 
cell and to set in motion the involution of the secretory celb 



Chapter 33 

FACTORS INFLUENCING THE 
QUANTITY AND QUALITY 
OF MILK 


It is well known that milk from different co\vs and breeds may 
vary widely in chemical composition and in amounts produced That 
milk from the same cow is subject to variation m chemical composition 
and amounts produced is not so generally recognized Some of the varia- 
tions from day to day are called “normal variations,” and no causative 
factors have been ascribed to them Other variations in both quantity 
and quality are due to large numbers of factors It is the object of this 
discussion to consider the factors that affect the quantity and quality of 
milk Among the factors that affect amounts of milk and the composition 
of milk may be listed 


1 Heredity 

2 Stage and period of lactation 

3 Time and frequency of milking 

4 Condition of the cow 


5 Climate 

6 Environment 

7 Feed 

8 Disease 


Kormal variations. That there arc daily variations in both quantity 
and quality of milk that cannot be attributed to a definite cause, is well 
known It IS not uncommon for fat percentage to vary from day to day as 
much as 30 per cent, and for milk production to vary as much as 20 per 
cent Usually a low fat percentage accompanies a low milk production 
when daily variations are considered This is accounted for by the proba- 
bility that a low milk production is due to a failure of the letting-down of 
all the milk, the latter part of which is high m fat content Thus, the high 
fat milk will be retained and let-down on the following day to give a 
relatively large amount of milk with a high fat content 
The other constituents of milk also may vary from day to day, although 
the magnitude of their variations is not so great as that of the milk fat 
and amount of milk In the order of the degree of vanaiion, proteins are 
first, lactose is next, and the salts arc the least vanable 


HEREDITY 

Hereditary factors. The variations of both quantity and quality of 
milk produced by the representatives of the different breeds arc given m 
ihc table on the next page 

It will be observed that there is an inverse ratio between the quantity 
of milk and Uie fat percentage The variations within the breeds arc con- 
siderable While ilie Jcrsc>'s average 5 36 per cent of fai, there arc Indi- 
ans 
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vidual Jerseys producing with less than 4 per cent of fat, and also 
those that exceed 7 per cent Vanadons for the other breeds are propor- 
tionately great. The amounts of milk vary to a much greater extent than 
docs the fat percentage and, therefore, it is more important to know the 
milk producuon of a cow than the fat percentage of her milk in order to 
evaluate her 

Persistency, which is an mhented character, affects materially the total 
milk produced for the lactation period Cows with the same imdal pro- 


ConposmoN OF Mn.g BY Breeds 


Breed 


Fet 

Protein 



FaCnt 

Fa Cad 

Jersey 

14 £0 

5.36 

3S0 

Guernsey 

14.50 

4.93 

J7S 

Broini Swiss 

13 OQ 

4.00 

3-50 

Ayrslure 

1300 

4.00 

3J0 

BoUtein 

1Z30 

342 

3->0 


duction may vary as much as sO per cent in the production for the > ear 
because of a difference m persistency 

Breeds and mdividual cows differ widely in the capaaty for secretion 
of the yellow pigment, carotene, into ihe milk The Guernseys are noted 
for their ability to produce yellow colored milk and butter from feeds nch 
m carotene The Jersey s rank second and the Holsicins last m regard 
The fat parucles m milk vary from 1 to 10 microns in diameter The 
fat particles in Guernsey nuik arc the largest, while the Holstcm and 
AyTshircs have the smallest fat particles The size of the fat particle m 
general varies with the fat percentage of the milk, the higher fat milk 
having xhc larger fat particles A quart of milk has from five to ten tnllion 
fat particles 

STAGE OF UCTATION 

Stage of lactation The stage of lactation affects both the yield and the 
composition of milk and milk fat A normal lactation cuivc, together with 
the fat percentage cur\c, is given m Figure 79 It will be noted that after 
the first aO days of lactation, there is a declmc in daily mtTk production 
until the end of the lactation penod The curve for fat percentage is some- 
what inverse to the curve for daily, milk yields, as about the time that daily 
milk y iclds begin lo fall, the fat percentage begins lo nse The tendency 
IS, therefore, for ihe daily fat producuon to be more constant than either 
the fat percentage or the daily milk yields With the advance of lactation, 
ihcrc IS also a decrease in the size of the fat particles m the milk The daily 
total number of fat particles produced has a tendency , therefore, to be cv cn 
more constant than the daily fat producuon Ecklcs and Shaw ^ observed 
that the fat parucles of milk in the twelfth month of lactation were about 
* EcitLti AVD Shaw U S Dept. Agr., B.A.I But 155 1912. 








PERSISTENCY CURVES FOR THREE 
GENERATION GROUPS 

A- DAUGHTERS FROM GROUP C SIRED BV MWESTV’S GAMBOGE ORIGR 
B- DAUGHTERS FROM GROUP A 31REB BV POCIS OF HOOD FARM 31^ 
C- DAKS OF GROUP A 



F»g 79 Persjsfency curves {Upper) The persisfency curves for three genera 
tion groups of Jerseys, showing marked vonafions between the different 
groups (Lower) Composite loctotion curve of 73 cows from 3 different breeds 
owned by the University of Minnesota 
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one-half the size of the particles during the first month of lactation 
The other constituents of milk also change m amounts as lactation ad- 
vances Colostrum milk, ivhich is discussed under a separate heading, 
changes to normal milk in about ten days and then remains of relatively 
constant composition to about the 90th day of lactation From this point 
the milk proteins increase in percentage amounis until the end of the 
lactation penod The increase m the percentage of protein with the ad- 
vance of lactation is greater than the percentage increase of fat EckJes 
and Shaw reported an increase of 30 per cent for protein of the advanced 
lactation milk over the average, while fat sho^\cd only a 20 per cent in- 
crease Milk sugar remains practically constant for the entire lactation 
period, except in the colostrum milk, as also do the mineral constituents 
The chemical composition of the fat also changes with the advance of 
lactation There is a decrease in the Rcichert-Mcissl number which indi- 
cates the lower fatty acids Saponification values also fall for the same 
reason The lodmc values increase as the lactation advances 

Bitter milk Frequently dunng advanced lactation, the milk becomes 
bitter after standing for a short time * This is due to the action of an 
enzyme (lipase) which is secreted with the milk and spins the fat into free 
fatty acids and glycerin The free fatty acids, which taste rancid, unite 
with the cations of the milk to form soap The soap contributes to the 
“bitter” taste, and m the case of cream it makes for difficulty in churning 
•—m some cases completely prevents the formation of butter 

Effect of parturition upon the composition and properties of cows’ 
milk. If the cow has been given a rest period before caving, the milk 
following calving differs markedly in its chemical and physical properties 
from normal milk If the cow is i^ked up to parturition, the milk follow- 
ing partuntion differs less from normal wiik However, if the cow is 
milked up to parturition, there is an increase in the heat coagulable 
proteins, which ^ve^e found to reach their maximum in the first milkmg 
following partuntion Ecklcs and Palmer * studied the chemical composi- 
tion of milks before and after partuntion, when co^^s Averc milked up 
to partuntion They found that with the exception of the heat coagulable 
proteins the milk under these conditions was normal for all constituents 
If the cow IS given a rest period before calving, then normal colostrum 
milk IS produced followmg partuntion The chemical composition of 
colostrum milk is compared with that of normal milk m the table on page 
339 * It will be seen that the colostrum milk differs from normal milk 
primarily in its protein and lactose content The lactose content of colos- 
trum milk is lower than that of normal milk, and the protein is mainly 
globulin wnth a relatively small amount of casein, as contrasted to the 
reverse proportion for normal milk In addition to these, colostrum mdk 
contains so-called colostrum corpuscles, which are cell like particles be- 
lieved to be partial degenerative products of w hite blood cells (leucocytes) 

‘ Palmer Jour Dairy Sci 5 201 1922 

*Eckles asd Palmer Jour Bui Chem. 27 313 1916 

* Hammond Vet Record 16 528 1936 



FACTORS INFLUENCING THE QUANTITV AND {QUALITY OF WLK 


339 


COilPAElSON O? CotOSTRDM AND N0R3IAL MiLK 


CoiisDluenW 

Colosituia ^ 

Nonnil Milk 


Per Cent 

Per Cent 

Total solids 

28 30 

12 86 

Ash 

158 

0 72 

Fat 

.15 to 12 0 

4.0 

Lactose j 

2.50 

48 

Casein ' 

4 76 

2.8 

Albumin 1 

1 50 

/0.S4 

Globulin 

15 06 

i 

Total protein i 

2IJ2 

3.8 


Colostrum milk also has been shown to contain a concentration of vitamin 
A, which may reach a figure as high as 20 times that of normal milk3 
This, together \vith the antibodies which colostrum milk contains, is held 
to be responsible for the beneficial effects observed in feedmg colostrum 
milk to newborn calves. When cows are milked up to parturition, colos- 
trum docs not contain the concentration of either the vitamin or the anti- 
bodies. 


MILKINGS 

Number of milkings per day. A number of experiments have been 
conducted to ascertain the effect of milking more than twice daily upon 
a total milk production. All workers have reported increased production 
for the three-iimcs-a-day milking over the twice-a-day mUking; likewise, 
milking four times a day has been responsible for further increases in 
milk production. The magnitude of the increase in milk production by 
increased frequency of milking varies with the different reports.* It is 
apparently dependent upon the individuality of the cows, some cows 
showing much greater increases than others with increased frequency of 
milking. As little as 1 per cent increase for three limes milking over two 
times milking and as high as 25 percent increase have been reported. For 
four times milking as high as 33 per cent increase over three times milk- 
ing has been reported Most of the trials comparing different frequencies 
of daily milking have been for but short periods of time. 

\Voodward * carried tivo groups of coivs through entire lactation 
periods. After milking one group twice daily and the other group three 
times daily, he found much greater increases for the three-tiraes-a-day 
milking over the entire period than would be expected from the observed 
increases of short period tnals. The results of \Vood\vard’s work are 
illustrated in Figure 80, where it will be seen that cows milked three 
times daily are much more persistent than those milked twice a day. 

* Dans Biochem Jour 27 1998. 1933. 

* Copeland Jour. Dairy Sa 17 815 1934. 

Morgan AND Davis Neb Agr £xpt. Sta Res. Bui 59. 1931, 

Atkeson Idaho Agr. Expt Sta Amor. Rept. Bui. 164. 1929. 

* Woodward. U. S. Dept. Agr. Cue. 180. 1931. 
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■WoodwMd »a U 8 Dept. A*» Cw« 180 

Fig 80 Effect of the frequency of milking upon persistency The cows milked 
three times a day ore more persistent than those milked twice a doy 

Woodward also reported a trial where a cow was milked but once a day 
and her production compared with that when she was milked two times 
daily He found that when milked but once a day, the cow produced but 
5,292 pounds of milk and 207 pounds of fat, as contrasted to 12,078 pounds 
of milk and 434 pounds of fat when milked twice daily^ The significant 
observation of Woodward’s work is that persistency is greatly reduced 
with the reduced frequency of milking, and that milking a cow but once 
a day has a tendency to dry her off 

^Vheiher milkmg more than twice daily will be economically sound 
depends upon the increased amount of milk that can be obtained from 
more frequent milking and the value of the milk, as the cost of milking 
three times dady is 50 per cent higher than the cost of milking but twice 
daily It IS doubtful ivhether milking more than twice daily will pay 
when the product is sold for butter or cheese making 

The mterval between milkings The length of the interval between 
milkings affects both the quantity and the quality of the milk /According 
to Macintosh, when the interval between night and mormng milking is 
14 hours, the morning’s milk will be about 40 to 50 per cent higher m 
quantity than the evening’s milk, the fet percentage of the morning’s 
milk will be about 1 per cent of fat lower than the evenmg’s ^ If die 
intervals between morning and cvemng milkmgs are equal or 12 hours 
apart, there is a tendency for the morning millc to be lower in fat content 
iMacIiitosh Tran* Highland snd Agr Soc. ofScot 1925 
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and slightly higher m total quantity of milk ^ That the evening’s milk is 
higher in fat is usually explained by the fact that the cow has exercised 
more during the daytime than at night and that the exercise is responsible 
for lettmg-down more fat 

Effect of first and last drawn milk; With the progress of a milking, 
each successive portion of milk has an increased fat content ^ The 
variation in fat content of successively drawn milk depends upon the 
activity of the cow and the manipulation of the udder prior to milking 
In Jerseys, if the cow has been standmg for two or more hours before 
milkmg, the first drawn milk may contain as little as 1 per cent fat and 
the last drawn milk may contain as much as 12 per cent fat If the cow is 
walked or the udder massaged immediately before milking, the spread 
between the fat content of the first and last drawn milk is greatly reduced 
FolloNving the manipulation of the udder, Turner found that the first 
drawn milk contained 6 3 per cent fat and the last drawn 8 2 per cent 
fat Incomplete milking results in a lower fat content of the milk due to 
the leaving of the highest fat milk in the udder Discarding the fore milk 
IS sometimes practiced to increase the fat content of milk from “low test- 
ing” cows 

The other constituents of milk on a fat free basis do not vary with the 
progress of milking 

Variation of different quarters * Both the amounts and quality of the 
milk drawn from each quarter vary On the average the forequarters 
produce 40 per cent and the rear quarters 60 per cent of the milk The fore- 
quarters may in some cases produce more than the rear quarters The 
right and left quarters also vary Very seldom do two quarters produce 
the same amount of milk, the variations being up to more than 100 per 
cent The fat percentage of the milk from the different quarters vanes less, 
and also independent of the variations m milk yields The average devia- 
tion of one quarter from the other three quarters would be about i 2 
per cent The relative proportion for the quarters may change from one 
lactation to another 

The order in which the quarters arc milked affects both the amount of 
milk and us fat content Both the amount of milk and the fat percentage 
decrease with the order in which the teats arc milked No appreciable 
differences have been observed for the other milk constituents when the 
order of milkmg the different quarters is vaned 

CONDITION OF THE COW 

Inlluencc of the condition of the cow at calving time Eckics,* 
studying the effects of various conditions of the cow at calving upon the 
>icld following calving, observe that the condition of the cow at calving 

*Siic.EiiY So Proc. Royal DubLn Soc. IS 585 1919 

> RacsOale andTlrner Jour Dairy Sci 4 22, 1921 

‘Turner TIic Physiology and niochcmuuy of Mjlk Stcrcuon The Unjv of Mo , 
Columbia, Mo 1951 

Beapi Conn Agr ExpL Sta Kpt,p 135 1904 

‘ Erxcri. \to Agr Expt Sla But 24 t9l6 
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lime had a marked influence upon subsequent milk yields and upon the 
fat content of the milk A cow in good condition when calving would start 
with as much as 25 per cent higher daily milk yields than the one in poorer 
condition, and the relative spread would be maintained for the entire 
lactation period It is well known among people caring for oflTicial test 
cows, that cows m very fat condition at calving time produce milk of much 
higher fat content for a considerable time after calving This phenomenon 
was taken advantage of in the production of seven-day officnl test records, 
when It was possible to increase the fai percentage of the milk as much as 
30 per cent 

Length of dry period. The length of the dry period cannot be entirely 
dissociated from the condition of calving time, as, in the mam, a better 
condition is obtained with the increased length of the dry period There 
are, however, effects upon the production of the subsequent lactation 
period that are attributable to the rest period During the dry period the 
mammary gland is prepared for the next lactation, and only a rest period 
will permit full development 

A rest period preceding the second calving has a greater effect upon the 
next lactation than do the rest penods of subsequent lactations ^ This is 
accounted for by the fact that during the first lactation period there has 
been little chance for growth When Jactation is stopped, the heifer grows 
rapidly and becomes capable of higher production for the next lactation 
period 

The udder of the first-calf heifer also needs the rest period for further 
development, which is reflected m higher production for the next lactation 
period The average increases m production for second calvers and older 
cows for dry periods of varying length are presented in the following table 


Increased Proddctios Due to Dry Periods 
OF Various Lengths* 


Days Dry Pmod 


5 

15 

25 

35 

45 

55 

65 

75 

S5 

95 

105 

115 


Ind CaU Holes 
PtrCoa 


Older Cosra 


Percent 


50 
14 1 
218 
280 
33 2 
37 6 
413 
443 
468 
489 
506 
52 2 


26 
76 
118 
14 5 
18 5 
21 1 
23.3 

25 2 

26 7 
281 
29-J 
302 


1 Sanders Jour Agr Sci 17 parts 3 and 4, and 18 parts 1 and 2 
* Calculated from Sanders data in Jour Agr Sc» , Vol 18, part 1 
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Effect of gestation. ‘ It is Nvell known that the latter months of gesta- 
tion have an inhibitory effect upon the production of milk This inhibitory 
effect begins about the fifth month of gestation and continues with an 
increasing rate of inhibition until parturition The inhibitory effect of 
advancmg gestation varies with individual cmvs, some decline in milk 
yields more rapidly than others Cows with low persistency would natu- 
rally be less affected by the inhibitory force 

^kles reported a 19 per cent decrease m a year’s milk production for 
a group of cows bred to calve within 12 months as compared to the same 
group when bred to calve more than 15 months* interval 

Tivo reasons arc given for the dedme of milk yields with the advance 
of pregnancy One is that the added nutrient requirements for the growmg 
fetus compete with the nutrients to be used for milk production The other 
IS that with the advance of pregnancy there is secreted a hormone which 
inhibits milk production The latter is the more probable cause for the 
major part of the decrease, but the nutrient requirement for the growing 


The Effect of the Length of the Service Period upov 

THE PRODOCnOY FOR THE LaCTATIOY PERIOD, BREEDING 

85 Days after Calvtso Being the Stamiaro to Which 
THE Increases or Decreases Are Compared* 


Days FoUavmg 
Calvin; wben 
Bred 

laeretse ui 3ttlk PtoducUoa 1 
tor tbe Lacutjoo Pen^ i 

for Ftni Cali Holers ^ 

Older Cows 

Inotate ta 
length of tbe 
Lactauoa Period 


ferCml 

mmm 

FerCtm 

30 

-184 


-151 

50 

-106 


- 96 

70 

- 42 


- 41 

85 

0 1 

0 

0 

90 

1 1 1 

1 1 

14 

no 

58 1 

6-3 

68 

130 

101 

10 7 

12 3 

150 

114 

14 S 

17 8 

170 

179 

18 3 

23.3 

190 

214 

21 7 

238 

210 

24 5 

24 a 

il2 

230 

27 4 

27 2 

39 7 

250 

300 

295 

45 2 

270 1 

32 4 

31 S 

506 

290 1 

348 

33 5 

56.2 

310 

370 

353 

61 7 

330 ' 

3S.9 

36 8 

671 

350 

406 

38 1 

72 6 

370 

42J 

39 5 

781 

390 

439 

' 408 

836 


* Brodi , Kac'so\le, AND TvR^ER Jour Gen Ph>‘$ioI 5 4AI,777 1923 
Gais>.s AND Damdson in A^t Expt Sta Bui 272 1926 

* Calculated from data by Sandemn Jour Act bci>Vol 17>pam 3and 4,aad VoL 
18, parts 1 and 2. 
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fetus IS also a factor Since the dry matter content of the fetus is small, 
relatively small amounts of nutrients arc required for its building, but 
there remains the question of maintaining the fetus The amount of 
nutrients required for maintenance of the fetus is not known but would 
probably approximate, proportionately to size, the requirements for the 
growing animal 

The previous table presents the effect of the interval between calving 
and breeding upon the milk and butterfat production for the lactation pe- 
riod These figures are based upon the increase or decrease in production 
from a service period of 85 days following calving that can be expected 
for service periods of varying lengths of time A service period of 85 days 
would make the second calving in 365 days The variations in the length 
of the lactation period due to different lengths of the service penod is also 
presented It will be noted that a small difference in the effect of length 
of service periods is found for first -calf heifers and other cows For service 
periods of less than 85 days there is a larger per cent decrease in production 
than the decrease in the length of the lactation period For service periods 
longer than 85 days the per cent increase in the length of the Jactation 
period is greater than the increase in production due to the delayed breed- 
ing 

Effect of estrus No general rule can be laid down as to how the estrus 
affects milk yields or its quality In the majority of cases the estrus is 
accompanied by a decrease m milk yield and an increase m fat percentage 
Individual cows, however, may vary m opposite directions or show no 
variation Copeland ^ found that out of 21 1 Jersey cows 75 increased and 
131 decreased milk production, with an average decrease for all of <53 
pounds daily While daily variations from normal due to estrus occurred 
up to over ten pounds, 75 per cent varied less than two pounds 

Butterfat percentage averaged 13 more for the days in estrus than for 
the normal, with 126 showing increases and 81 decreases The average 
variation in butterfat percentage was 0 43, with the extreme variation 
2 00 

Effect of age A large number of studies have been directed toward 
showing the effect of advancing age upon the amount and quality of the 
milk produced In general there is considerable individual variation, but a 
heifer calving at two years of age can be expected to produce about 70 to 77 
per cent of the amount she will produce when mature, ivith the second 
calf at three years of age, 80 to 87 percent, with the third calf at four years 
of age, 90 to 95 per cent , with the fourth calf at 5 years of age, 98 per cent, 
and at seven years of age, 100 per cent The fat percentage vanes but 
slightly with age, due to a tendency to lower slightly after the first lactation 
period Commencing with ten years of age, there is a tendency for both 
milk yields and fat percentage of the milk to decline In extreme old age 
milk yields may be as low as 50 per cent of the maximum mature capacity 

The table on the next page presents the age correction factors used by 

> Copeland Jour Dairy Sa 12 464 1929 
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different breed associations for converting immature records to a mature 
basis The figures for the Holstein and Jersey breeds are arrived at from 
studies of the Advanced Registry records, while the figures for the other 
breeds are more or less arbitrarily arrived at 

Age CoRKEcnoN Factors Used by Various Breed Assoctations 
IN Computing Immature Records to the ilAxuRE Equivalent 


Age at CAI.VT^6 

HoLSiKcr 

Jexscy 

GCEBN-SET 

AvssmxE 

Tears | Months 

Under 2 vis. 

1 oO 

145 



2 0 

143 

136 i 

1.249 

1J3 

2 6 

133 

128 

1 194 


3 0 

125 

120 i 

1 162 

122 

3 6 

1 19 

1 14 

1 100 


4 0 

1 14 

108 

1068 

1 12 

4 6 

1 10 

101 

1029 i 


5 0 

106 

102 

100 


5 6 

101 




6 0 

103 

100 



6 6 

102 

100 



7 0 

101 

100 



7h 5 to 9 6 

100 

100 



iO 

101 

102 



11 

103 

102 



12 and over 

105 

105 




Relation of size and production. A number of students have showTi 
that a direct relationship exists between the milk and fat yields and the 
size of the cow Turner * reports an increase of 20 pounds of buttcrfat 
annually for each 100 pounds increase in body w eight A study of 220,000 
records by the Bureau of Daiiy uig * reveals a correlation of size ivith m- 
creased milk and fat fields, and also a larger income above feed cost 
Gaines * recently showed that on the average the larger cow's, while pro- 
duemg more than the smaller ones, arc less efiBcicnt It is apparent that 
sue IS not the most important consideration for economical production 

EFFECT OF SEASONS 

Seasonal variations.* For a long time it has been recognued that there 
IS a seasonal effect upon both the quantity and quality of cows’ milk Fat 
percentage is the lowest begmmng with August, from this time there is 
an increase until Januar>, when again there is a gradual decline until 
August The amount of milk declines from the high point m January to 
the low of Jul> and August The seasonal variation in both milk and fat 

‘Tuw,er Mo Act ExpuSta Res Bok 147 1930 

*McDow£U„U S Dept Agr C»re.lW 1930 

*GAists.Jour Dairy Sa 14 14 1931 

* ^^EAVE^l A>D Mathews. la Agr Expt. Sia. Res. Bui 107 1928 
Becker and Arnold Jour Dairy So. tS 389 1935 
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percentage is inversely proportional to the temperature Several studies 
have shown that temperature vanations may effect a greater variation in 
the lat percentage of milk than advancing lactation For Jerseys and 
Guernseys the fat per cent of milk may be as much as 1 1 lower in the hot 
summer than in the ivinter For the lower testing breeds the difference is 
06 

When the temperature becomes too high, the amount of milk is reduced 
more than the amount of fat, resulting in an increased fat percentage 
Cows kept at 85® F or over in a closed room at the California Station ^ 
reached what is known as the critical temperature, when the above 
phenomenon was observed 

High humidity accompanied by high temperatures accentuates the 
depressmg effects With increasing humidity there is a decrease m the 
evaporation from the body, and thus the cooling effect of evaporating 
moisture is lost That a much higher temperature in the open than So® F 
does not effect an increase in fat percentage is due to the cooling effect 
evaporation of moisture has upon the body 

Season of calving As there is a seasonal effect upon both the quantity 
and quality of milk produced, the total milk and fat production for a 
lactation period is affected by the season in which a cow calves 

McDowell * divided the records of 10,870 cows into four groups cor 
respondmg to the seasons m which they freshened and found the following 
average productions 



3blk Prfductics 

Beturisl 

Froducuoa 


Pnndi 

Pnidt 

Spring 

5 842 

236 

Summer 

5941 1 

236 


6 689 ' 


Winter 

6 439 

258 


Cows calvmg in the fall produced the most milk and butterfat, those 
calving in the winter ranked second Owing to the lovser fat percentage 
of milk during the summer, although the cows calving during the summer 
months produced slightly more milk than those calving during the spring, 
there w as no increase in butterfat 

There arc two reasons for the higher production of tthIIc and butterfat 
of fall and ivintcr calving ’ First the seasonal effect on fat percentage 
IS such that the height of the mdk production due to fall and winter 
calving wall have the higher tests Second, cows freshening in the fall and 
winter >m 11 still have sufficient capacity for mdk production to respond by 
mereased production when put on the spring pastures while cows calving 

‘ Regan Richardson and KixnrER Abrt of Papers 29Ui Ann Mte Am Dairy 
So Assn 1934 

» McDowxle. V S Dept Agr Farmers Bui 1604 

* Cannon Jour Dairy Sci 16 11 1933 
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in the spring and summer are so advanced in lactation that they have lost 
most of the capacity for increased production and cannot respond to the 
stimulus of fresh pasture 

FEED 

The effect of inamtion Inanition or underfeeding has been shown to 
have a marked effect upon both the quantity and the quality of milk 
produced ' The most marked effect of inanition is the decline in the 
amount of milk produced This decline continues as the period of inani- 
tion progresses Accompanying the decline of milk yields are increases in 
the percentages of fat, protein, ash, and total solids The percentage of 
lactose and the specific gravity decrease When the lactometer reading is 
the only test performed, the decrease m specific gravity leads to the sus- 
picion that the milk has been watered 

Effects of feed Both the quantity and quality of milk may be affected 
by the feed a cow receives Until recently it has not been generally agreed 
upon that feed affects the quality of milk to any great extent, recent 
work, however, tends to show that there may be marked effects of some 
feeds upon the composition of milk In addition to affecting the quantity 
of milk, the feed may affect the fat percentage and the character of the 
fat, and it may add compounds to the milk or fat which may affect both 
Its nutrient value and its flavor The effect of liberal feed upon the quantity 
of milk produced will be discussed m Chapter 41 

Effects of feed upon milk fat It is still controversial as to whether it is 
possible to increase the fat percentage of milk by feeding Several short- 
time experiments have shown that the addition to the ration of fats such 
as linseed oil, cottonseed oil, tallow butterfat, lard, soybean oil, coconut 
oil, and others causes a marked increase in the fat percentage of the milk ^ 
Others,* comparing high fat content feeds with low fat feeds for the entire 
lactation period, were not able to observe any differences in the fat per 
centage of the milk that could be ascribed to the fat intake 

Feeding cod liver oil to nulking cows has been shown by a number of 
investigators to cause a marked lowering of the fat percentage of the milk 
without affecting the amounts of the milk yield * This is said to be due 
to the specific effect some of the fatty acids of the oil have upon the 
epithelial cells of the mammary gland Other fish oils are reported to have 
the same effect as cod liver oil 

A minimum amount of fat m the ration seems necessary for milk pro- 
duction A diet devoid of fat but adequate in all other respects resulted in 
much louered milk and fat fields The exact minimum level of fat in the 
ration that is necessary for normal milk production has not been estab- 
lished 

‘OvEiiMAN A.SO Wrigict Jour Act Res 35 637 1927 
Gowen and Tobey Jour Gen Ph>'siol 15 45 1931 

* Allen Jour Dairy Sa 17 379 1934 

* Maynard AND McCav Cornell Vgr Cxpt.Sta Bui 593 1937 

* Petersen Jour Dairy Sci 15 283 1932 
Hart Certified \lilk SepL 1931 
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Effect Upon the quality of fat Numerous expenments have been 
conducted to ascertain the effect of various feeds upon the quality of the 
milk fat It has been demonstrated that the composition of milk fat can be 
markedly changed by a number of different types of feed In the mam, 
the fatty portion of the feed is responsible for the effect upon the composi- 
tion of the milk fat Cottonseed oil produces a very hard fat, \vhile linseed 
oil produces a soft fat Linseed oil, having a high linoleic and linohnic acid 
content, produces butter with relatively high amounts of these ti'ko fatty 
acids, winch are mainly responsible for the softened condition of the 
butter produced ivhen flax, oU meal, and ihe oil is fed Due to an increase 
of the loi\er fatty acids, such as buiync, caproic, and caprylic acids, 
pasture grass produces soft butter The hays and legumes, being as a rule 
loiv in their contents of fats, have a tendency to produce hard butterfat- 
Corn has a tendency to produce fat of a moderate hardness, while barley 
and other cereals are more neutral in their effects upon the milk fat 
Effect of feed upon other millt constituents No evidence has been 
presented that has shown feed to have any effect upon the lactose or 
protein content of milk There is, however, some evidence to show that 
the amount of certam other constituents of milk is dependent upon the 
extent that these are present m the feed, among these are vitamms A, 
D, and E, certain flavonng compounds, mmeral elements, drugs, and 
other organic compounds 

Vtlamtns Vitamins C‘ (ascorbic acid) and at least B and flavin of 
the Vitamin B complex may be synth^ized in the bovine, and as a result 
these vitamins arc alwa>s present in milk and vary but little due to vari- 
ations in the feed Vitamins A, and D, however, are not synthesized by the 
bovine, and the amounts present in the milk are dependent upon the 
amounts present in the feed, and, in the case of vitamin D, also upon 
exposure to sunlight 

Carotene, the chief plant precursor of vitamin A, is a yellow pigment 
which can be split in the animal body to form vitamin A, which is color- 
less Cows may secrete the carotene into the milk, producing a yellow 
fat, or they may split the carotene and secrete the colorless vitamm A 
into the milk Although there is no knowm difference bct^^ccn individual 
cows in utilizing the vitamm A of the feed for total vitamin A potency 
of the milk, there are marked individual and breed differences m the 
amounts of carotene converted into the colorless vitamm A * The Guern- 
sey IS noted for the secretion of the carotene into the milk, the Hobicin 
converts most of the carotene into the colorless vitamin A, and the Jersey 
IS intermediate Sometimes feeds arc so deficient m vitamin A or vitamm 
A precursors that the milk produced is deficient in vitamm A to the extent 
that caK cs cannot be raised upon it Matured timothy hay has been show n 
to produce milk upon which calves could not be reared because of iw 
deficiency m vitamin A 


‘Huche* Frrai, Cavx, asd Rroono-Jour Biol Chcm.71 309 1927 
*RuaH-L, Taylor, CmattSTt* ai.d Wilson N J Act ExpL Su. BuL 592 . 1935 
K&als Aho WASiisLhM Jour Dairy So. 17 454 1936 (Absia ) 
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Vitamin D is present in milk proportionately to the amounts fed m the 
feed, except when the cows are exposed to direct sunlight during 
the spring, summer, and early fall, when vitamin D may be formed in 
the animal body from the ultraviolet rays of the sun Commercially, the 
production of vitamin D milk during the winter is affected by the feeding of 
irradiated yeast 

Minerals The amounts of the most prominent minerals in milk, the 
salts of phosphorus, calcium, magnesium, sodium, potassium, and chlo- 
rine, cannot be changed by the amounts m the feed Copper, silver, and 
zinc, which are always present in milk m very minute quantities, are like- 
wise unaffected by the quantity in the feed Iodine and iron are the only 
two natural mmeral constituents of milk the amounts of which are influ- 
enced by the quantity in the feed Of these iodine may be influenced to the 
greater extent and iron but slightly The ingestion of iodine m any form 
will increase the iodine content of milk In the low lodmc regions some 
dairymen feed iodine in various forms in order to mcrease the iodine 
content of the milk produced From 3 to 20 per cent of the lodme ingested 
may be recovered m the milk — more of a recovery taking place during 
the winter than during the summer To increase the iron content of 
milk, large quantities, of inorganic iron must be fed, and then the in- 
creased amount in the nulk is small 

Arsenic, mercury, lead, bromine, and bone acid, not normally present 
in milk, when fed, will pass into the milk When heavy doses are ad- 
ministered, sufflcienc quantities of these elements may pass into the 
to make the milk toxic to humans 

Drugs passing into milk * There arc a number of drugs and anes- 
thetics used m the treatment of cows that will pass into the milk Alcohol 
may be found m the milk 30 minutes after its administration, and dis- 
appears m four to seven hours As much as 0 4 per cent of alcohol in milk 
has been reported Ether and chloroform behave similarly to alcohol, as 
does turpentine The active substance of rhubarb passes mto milk to pro 
duce a yellow coloring of the milk The active substance of aloes (a bitter 
plant) passes mto the milk in such quantities as to alter both the color and 
the taste 

The white snakeroot contains a poisonous compound known as tremotol 
which passes into the milk * Ordmarily cows do not cat the white snake- 
root, but m cases of severe drought and feed shortage, cows have eaten it 
in sufficient quantities to make the milk toxic to humans, producing 
what IS known as milk sickness Milk sickness has proved fatal m a few 
cases 

Flavor-producing constituents of feed Most of the normal flavormg 
constituents of milk have their ongm m the feed There are, however, 
many feeds that produce very undesirable milk or milk fat flavors Among 
the more common feeds that impart undesirable flavors to milk, if fed 
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shortly before milking, are silage, large amounts of alfalfa hay, turnips, 
rutabagas, rap>e, cabbage, green rye, and pasture grasses 

Many weeds consumed ^vhen pasture grasses become scarce or because 
they are admixed with the grasses produce undesirable flavors of varying 
intensities The more common of the undesirable flavor»producing weeds 
are wild onions, French weed, ragweed, mustard, sagebrush, and dande- 
lions 

Of the essences, absinthe, fennel, and artichoke produce strong flavors 
in milk The oral administration of cumin, anise, gentian, and jumper 
has no effect upon the flavor of milk produced 

In the mam, the compounds producing off flavors in milk are volatile 
and may be removed from, the railk by feeding the flavor producing feeds 
immediately after milking or by removing the cows from the feed for 
varying lengths of time before milking These compounds arc eliminated 
from the blood by either the Jungs or kidneys, or both They pass into the 
milk from the blood, forming an equilibrium between these two fluids 
As the quantities of the compound are reduced m the blood through 
elimination, these compounds pass from the milk back mto the blood 
until finally the milk is entirely freed of them 
Effect of drugs upon the amount of milk secreted A number of 
drugs have been studied for their stimulating effect upon milk secretion 
\Vhde the results of the different workers do not agree, in the mam, very 
few, if any, compounds are knoivn to have galactogogtc effects Alcohol, 
ginger, rhubarb, aloes, pituitrm, pilocarpine, calomel, atropine, and a 
number of other drugs have been shown to have no galactogogic effects 
Pituntrm administered subcutaneously or intravenously causes an increase 
in the amount of milk and mdk fat produced at the following rmlking This 
IS due to the contractile effect of the pituiinn upon the glands, which 
results in the forcing out of all the milk and fat in the alveoli, and not to 
any stimulus for increased secretion of mdk The active pnnciplc of ergot 
causes a marked decrease in the amount of mdk produced, probably due 
to the constricting action of ergot upon the blood capillaries Pumpkin 
seeds, hedge oranges, acorns, and oak leaves have been reported by dairy* 
men to cause a drying up of cows There is, however, no experimental 
evidence to support this contention 

Thyroprotein Thyroprotein is a term applied to proteins, usually casein, 
so treated with iodine that they develop thyroid hormone activity WTien 
fed to milkmg cows both milk and fat percentage will be mcreased A 
sufficient amount of the thryoprotein must be administered or no effect 
will be observed Small amounts will depress the thyroid activity in pm 
portion to the amounts that get into the system About 15 grams of the 
standard thyroprotein must be administered daily, usually incorporated 
in the feed 

The question as to the practicability of feeding thyroprotein is not 
settled While milk and fat production is significantly increased, the few 
requirements are also greatly increased because of the greatly increase 
activity in metabolism Heart and respiration rates are greatly increased 
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and questions arc raised as to the effect upon the health of the animals and 
upon reproduction Indications are that good milkers past the peak of the 
lactation respond best to the administration of this drug and that poor 
producers give the least response 

EFFECT OF DISEASE 

Udder diseases (prmcipally mastitis), digestive disturbances, and other 
diseases are responsible for a decrease m milk yield and affect the quality 
of the milk in various ways 

Mastitis The composition of the milk may be changed in various 
degrees by mastitis infection, depending upon the seventy of the infection 
The reduction m milk of the affected quarter is likewise dependent upon 
the severity of the attack The sugar content decreases from a very slight 
amount m a light attack to practically nothing m a very severe attack 
Sodium chlonde increases imtil it approximates the concentration in the 
blood The character of the proteins changes ivith a decrease in casein and 
an mcrease m the heat coagulable proteins The />H changes from approxi- 
mately 6 5 to 7 4 m the extreme case, and the cellular materials, prmci» 
pally leucocytes, increase from a few thousand m normal milk to millions 
per cc in extreme mastitis milk The fat content usually decimes 

Digestive disturbances Any marked digestive disturbance, such as 
going “off feed” or diarrhea, is followed by a marked decline in milk yield 
The fat percentage of the miJk usually increases, but m some cases it may 
declme The flavor of the milk is also usually affected, putrefactive de- 
composition compounds arc rcsorbed from the digestive tract by the blood 
and are diffused into the milk 

Other diseases Any disease which is severe enough to produce an 
increase m the body temperature or to reduce the appetite for feed is 
accompanied by a decline m milk yield Usually the fat percentage of the 
milk increases, but sometimes the reverse may be the case 

Practical aspects of feed effects upon milk The deletenous effects of 
many feeds upon flavor of milk is well known, and dairymen refrain from 
using such feeds or feed them immediate!) after milking or allow sufficient 
time between feeding and milking for the undesirable flavor to have passed 
off That there arc substances that may be fed to produce desired flavors 
m milk seems most hkel) Determining such substances seems to offer a 
fruitful field in research It is also possible that certain food substances may 
be found that may counteract the undesirable milk flavors produced by 
some feeds 




Importance Everything that pertains to the feeding, care, and 
breeding of dairy cattle can properly be classified as coming under the 
term “management ” It has previously been pointed out that for a cow to 
be an economical producer of milk, she must have the right inheritance, 
however, given a cow with the inheritance for the capacity to produce 
large amounts of milk, economical production is not necessarily assured 
The cow must be properly fed and cared for in order to bring out the 
potentialities that she has inherited It is the purpose of this chapter to 
consider the more important managerial factors that relate to bnngmg 
out the inherited potentialities for milk production 

Normal physical and physiological activities. A knowledge of the 
normal activities of dairy catUe is of value m the management of the herd, 
and It may aid m arranging work to fit the actmues of the cow and help 
to determine whether a cow is normal The amount of information avail- 
able on this subject is limited, the New Hampshire Station ^ furnishing 
the most extended ivork on dairy cows They report that coivs m the bam 
during winter spend about equal amounts of time m standmg and m lying 
down, there is, however, a tendency for cows m advanced pregnancy to 
spend more time m lymg down than in standmg Individual variations 
ran from as high as 76 per cent to as low as 33 per cent of the time spent m 
standing Cows got up and down on an average of 14 times dunng the 24 
hours 

Variations in the number of urmations and defecations per day bct\^ een 
dry cows and milkmg cows were observed Dry cows average 6 1 urina- 
tiQos to 7 9 far milkmg cows Foe daily defccatvons, dry cows averaged 
13 7 times as compared with 15 7 for cows m m«lk 

No difference ivas found'between dry cows and those in rnilk as to the 
amount of time spent m eating and in rummatmg Cows fed hay, sdage, 
and gram m proportion to milk yields spent approximately three hours m 
eatmg and eight hours in rummatmg Smee roughage consumption is pro- 
portional to the size of the cow and gram consumption is proportional to 
the amount of milk produced, and smee it requires longer to eat a given 
weight of roughage than of gram and gram is not ruminated, the reason 
for high produemg cows rcquirit^ no more time for eatmg and rumination 
than dry cows do is easily perceived 

The large amount of v^ork done by a cow in eating and masticating 
feed IS indicated by the average daily number of jaw movements 
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Eatmg grain and silage 

4,700 

Eating hay 

10,530 

Ruminatmg 

26,400 

Total daily jaw movement 

41,630 


A difference was observed m the number of jaw movements per mmute 
when hay, grain, and silage tvere eaten A still different rate was observed 
for ruminating The average jaw movements per minute for hay are 78, 
for gram and silage 94, and for ruminating 55 

Great variations arc found m the pulse and respiration rates Judkins 
observed the average pulse and respiration rates for different breeds to 
be as follows 


Bkczs 


Ratio 

RtoP 


Respinuoa 

A^shire 

696 

28 6 

1 24 

Guernsey 

598 

18 6 

1 32 

Holstem 

686 

286 

1 28 

Jel»y 

62 7 

217 

1 32 


The respiration rates varied from U to 64 per mmute, and the pulse 
rates from 38 to 96 per mmute Both pulse and respiration rates mcreased 
when cows were milking heavily 

The behavior of the cow. Ever since dairymg became a specialty 
people have recognized that some mdividuals are able to obtam better 
performance from cows than others Afore recent work has shown that 
cows that are well adjusted to their environment will let doivn their milk 
more completely and probably also aviU eat better than those that are not 
so adjusted One of the major jobs of the dauy herd manager is to see that 
the members of the herd are content and well adjusted In order to attain 
this end most effectiv ely one needs to know some of the fundamentals about 
the pauern of behavior of the cow The two basic features are (1) cows 
have a well-established herd order and (2) they are quick to make associ- 
ations of pleasant or unpleasant experiences with places, objects, and 
persons 

Herd rule In every herd there is a well-established social order in which 
there is one cow that rules over all the rest, followed successively by the 
other members of the herd with the last cow in the social order being 
bossed by all the others The position in the social order is established by 
ph>sical combat Once a cow has succeeded to the top position she retains 
It for life unless an ambitious individual is brought into the herd from the 
outside The >ounger members developing m a herd accept the supremacy 
of the leader of that herd Studies by the author reveal that sometimes 
members in the middle of the social order of larger herds may be unhappy 
They manifest their discontentment by imiaung members in the lower 
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social order It is presumed that these unhappy individuals are aggressive 
and aspire to a higher rank but do not possess the physical strength to gam 
it and, consequently, suffer from frustration These individuab, inciden- 
tall), are the more difficult to handle from the managcnal standpoint 
Associations The fact that cows readily make associations with pleasant 
and unpleasant experiences m relation to the human element is very 
important from the caretakers and particularly the milkers relationship 
Often veterinarians are forced to inflict pam in carrying on their w ork with 
cattle One such experience is sufficient for the animal to associate that 
painful experience with the veterinarian and his subsequent presence will 
cause nervousness and excitement Milk production has been noted to fall 
markedly due to the presence of the herd veterinarian at milkmg lime 
It is of utmost importance that the carciaker of cows so handle them 
that they like his presence Only when there are pleasant associations will 
cows be relaxed and at ease m the presence of particular individuals 
^Vhere cattle are well treated by all humans they like their presence and 
even in the case of strangers show no fears In the case of unkind treatment 
cows will make effort to escape or at least will not be approachable by 
strangers 

Regularity While there is no definite expenmenial evidence to estab 
lish the value of regularity in milking, feeding, and caring for the dairy 
cow, there is enough evidence to warrant the statement that regularity is 
an important factor in getting the most out of the dairy herd It has 
previously been shown that lengthening the periods between milking 
increases the milk production, but that the increase is not in proportion to 
the length of the interval The cow is a creature of habit If the time for 
milkmg or feeding is delayed, she is likely to become nervously excited, 
and this results in reduced milk production A definite routine in milkmg, 
feeding, and caring for cows should be established If the cow is to be fed 
before milking, the practice should be followed regularly It has frequently 
been observed that if a cow which has been accustomed to being fed before 
milking is milked before feedmg, she fads to completely let down the milk. 

Quietness. The chasing of cows by dogs so excites the coivs that de- 
creased milk production results Even the presence of too many people 
will result in decreased production For this reason experienced herdsmen 
in charge of cows on official tests, where a maximum production is sought 
regardless of cost, sometimes lock the barn in the interim between milk- 
ings to prevent anyone from disturbing the cows Under these conditions 
the visits of strangers are seldom perrmtted, because of the probable effect 
on production 

CARE OF HEALTH AND APPEARANCE 

Grooming Groommg has usually been considered as having a benefi- 
cial effect upon the general health of the cow, an effect which would be 
reflected m mcreased production Recently carefully controlled expen- 
ments faded to reveal any mcreased production of milking coivs due to 
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vigorous grooming with a stiff brush.* The chief advantage of grooming 
is that dirt is removed from the skin and hair — not that production is 
increased. Most benefits from grooming >vUl come in the production of 
cleaner milk. 

Exercise. It is usually believed that exercise is essential for the health 
of dairy cattle. Recently it has been found that exercise is not essential 
for the health of milking cows. Cows maintained in stanchions or box 
stalls have been found to have suffered no ill effects from the confinement. 
The milking cow performs a large amount of work in the mastication 
and metabolization of the feed that she necessarily must handle; this 
activity seems to furnish adequate exercise Young stock and dry cows, 
on the other hand, seem to be benefited more by moderate exercise. In 
the colder climates letting the milking cows out into a yard for exercise 
during the winter probably does more harm than good. 

Trimming hoofs. When, cows are confined to bams during the winter 
months and when they are pastured on soils that are lacking in abrasive 
material, the hoofs grow faster than they are worn off, resulting in the 
development of long toes that ultimately produce discomfort to the cow 
both in standing and in walking. In extreme cases lameness leading to a 
crippled condition may be experienced. The hoofs should be trimmed by 
chiseling off the fore part of the toe and rasping off the excessive growth 
underneath. Extreme care must be exercised in the trimming to avoid 
injury to the quick. Injury to this tissue may lead to infection and lame- 
ness of long duration. 

Training horns. For some breeds when animals are to be showm, it is 
not only essential that the horns be retained, but also that they conform to 
the standards for the breed. Frequently the direction of the namral growth 
of the horn is not that which is most desired. It is then necessary to force 
the horn to grow in the desired direction. The time when the direction of 
the growth can most easily be changed is before the horn core is securely 
fastened to the skull. Therefore, the training of horns should begin about 
the time they are t^vo inches in length. 

The direction of the growth of a horn may be changed by the applica- 
tion of pressure. If the horn tends to grow upward, the direction may be 
changed do^vnward by fastening weights to the horn tips until the growth 
is in the desired direction. If the horns have a tendency to grow outward 
when it is desired that they should curve inward, the desired curvature 
may be effected by applying tension between the two horns by means of 
horn trainers fastened to the horn tips. Care should be taken not to put 
too much tension on the horns, as it will produce not only discomfort to 
the animal but also too abrupt curvature of the horns. In the case of the 
Ayrshire it is desirable that the horn turn upw'ard. This may be effected 
by directing the force upward by means of weights hung on cords that 
have been attached to the horns and then run over pulleys. 
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The direction of the growth of the horn may also be changed by scrap- 
ing It on the side toward ^vhlch the direction of growth is desired 

Homs are frequently too large and thereby detract from the general 
refined appearance of the animal In order to correct this, they may be 
trimmed by rasping off a portion of the outer covering knoivn as the 
horn shell Care should be taken not to take too much off or the outer 
shell may become so \seakened that it will break off from the bony horn 
core Frequently animals that have been shorn lose the outer hom shell 
because of its weakened condition from excessive rasping or scraping 
Following the rasping, the horn should be sandpapered with fine sand- 
paper or emery cloth until a smooth surface is secured Then a horn 
polish may be applied and the hom polished inth a cloth For show 
purposes the hoofs may be trimmed and polished in a similar manner 
Dehorning * It is generally agreed that unless it is necessary to retam 
the horns on dairy cattle for show ring purposes or for the probable 
enhancement of the value of an animal when it is sold, it is desirable to 
dehorn the coivs In herds ivhere animals are horned, injuries are often 
expenenced In addition, the more timid individuals of the herd are 
constantly harassed by the more aggressive members The best method of 
dehorning is the application of caustic potash when the animal is but two 
or three days of age However, horns may be removed from older animals 
without much danger and with practically no effect upon the milk yields 
of even heavy producing cows A number of observations have shown 
that milking cows drop in milk yield for but a few days following de- 
horning Horns may be removed either by the use of clippers or by 
sawing Sawing is generally to be preferred, for when clippers are used 
there ts the danger of crushing the bony hom core, which may result in 
excessive bleeding or infection In dehorning, care should be taken to 
cut the hom low enough to leave a fnnge of hair and skm on the removed 
portion of the horn Unless this is done, the hom is likely to grow out 
again The early spnng is the best time for dehormng It should not be 
done during fly season, because of the danger of infection resulting from 
flies seltlmg on the injured area Alsc^ when the caitJe have been fed 
sweet clover either as hay or silage, dehorning should be avoided Fre- 
quently the sweet clover hay or silage develops a substance which prevents 
clotting of the blood, and if the animals arc then dehorned, they may 
bleed to death 

TREATMENT OF COMMON VICES 

Cows may develop several vices that arc annoying The more common 
ones are kicking durmg milking, sucking either themselves or other cows, 
fence breakmg, and becoming vicious Most of these vices can be avoided 
if the tendency is discovered m time and proper treatment applied After 
any one of these has become a habit, it becomes exceedingly hard, if not 
impossible, to break 
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Kicking. The habit of kicking during milking is most frequently 
developed as the result of wrong treatment when the heifer is first milked 
At first the cow kicks either because of pair or fear If she is maltreated at 
this time, kicking becomes an act of resentment and rapidly develops mto 
a habit that cannot be broken Frequently cows kick only tvhen milked 
by certain milkers When kicking during milking has been established as 
a firm habit, there is nothing that can be done to break it The treatment 
then lies m tying the hmd legs m order to protect the milker The most 
effective and convenient method is the use of antikicking chains These 
consist of tvvo hookhke pieces of iron connected with a cham A hook 
IS placed above each hock with the chain passing in front of the legs 
When the chains are not available, the hind legs may be tied together 
either with straps or with rope 

Sucking. The habit of sucking is also practically impossible to break 
Cows have been tied up in stanchions for more than a year without 
any chance of suckmg cither themselves or other cows without bemg 
broken of the habit The treatment lies in methods of prevention The 
sucking CQW may be prevented from suckmg by the use of anyone of 
three contrivances (1) a contrivance such as a chain or two bull rmgs 
placed m the nose in such a way that it han^ over the muzzle, preventmg 
her from getting hold of the teat, (2) a bndJe equipped with a quarter- 
inch gas pipe drilled full of holes used as a bit, which does not permit 
sucking, (3) a halter with a muzzle strap containing sharp points that 
arc two or more inches in length The sclf-suckmg coi^' may be prevented 
from sucking by making ic impossible for her to turn her head back to 
the rear flank This may be accomplished by fixing a surcingle around 
her chest, fastening one end of a short stick to the surcingle, and then 
passing the stick between the front legs and fastening the other end of it 
to a close fitting halter Although not proved, some believe that feedmg 
skim milk to cows is conducive to forming the sucking habit 

Fence breaking. The habit of fence breaking or fence crawlmg is 
usually developed when cows are kept within poor fences When once 
developed, this habit can be broken only by the use of good fencing A 
cow may be prevented from crawling through fences by a yoke placed 
around the neck Fence breakers frequently teach other cows in the herd 
the same habit For this reason it is advisable to dispose of them unless 
they arc valuable producers 

Viciousncss. Not infrequently cows become vicious to the extent that 
they will attack children and soracumes adults In the early stages of the 
development of this habit it ma> sometimes be broken by a few sharp 
blows over the nose This is more cflecUic if done by the person attacked 
at the lime of the attack 

CARE IN BREEDING AND CALVING 

Gestation period and cstrus cycle. The average gestation period for 
the cow is 281 days, wuh aUnit equal chances of calving on any day 
from the 275th to 287th day There u a question as to how many days 
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The direction of the growth of the horn may also be changed by scrap- 
ing It on the side toward which the direction of growth is desired 

Horns are frequently too large and thereby detract from the general 
refined appearance of the animal In order to correct this, they may be 
trimmed by rasping off a portion of the outer covering known as the 
horn shell Care should be taken not to take too much off or the outer 
shell may become so \seakened that it will break off from the bony horn 
core Frequently animals that have been shorn lose the outer horn shell 
because of its weakened condition from excessive rasping or scraping 
Following the rasping, the horn should be sandpapered with fine sand- 
paper or emery cloth until a smooth surface is secured Then a horn 
polish may be applied and the horn polished with a cloth For show 
purposes the hoofs may be trimmed and polished in a similar manner 
Dehorning * It is generally agreed that unless it is necessary to retam 
the horns on dairy cattle for show ring purposes or for the probable 
enhancement of the value of an ammal when it is sold, it is desirable to 
dehorn the cows In herds where animals are horned, injuries are often 
experienced In addition, the more timid individuals of the herd are 
constantly harassed by the more aggressive members The best method of 
dehorning is the application of caustic potash when the ammal is but two 
or three days of age However, horns may be removed from older animals 
without much danger and with practically no effect upon the milk yields 
of even heavy producing cows A number of observations hate shown 
that milking cows drop m milk yield for but a few days following de- 
horning Homs may be removed either by the use of clippers or by 
sawing Sawing is generally to be preferred, for when clippers are used 
there is the danger of crushing the bony horn core, which may result m 
excessive bleeding or infection In dehorning, care should be taken to 
cut the horn low enough to leave a fringe of hair and skin on the removed 
portion of the horn Unless this is done, the horn is likely to grow out 
again The early spring is the best time for dehorning It should not be 
done during fly season, because of the danger of infection resulting from 
flies settling on the injured area Also, when the cattle have been fed 
sweet clover either as hay or silage, dehorning should be avoided Fre- 
quently the sweet clover hay or silage develops a substance which prcveais 
clotting of the blood, and if the animals arc then dehorned, they may 
bleed to death 

TREATMENT OF COMMON VICES 

Cows may develop several vices that are annoying The more common 
ones are kicking durmg milking, sucking cither themselves or other cov^ 
fence breaking, and becoming vicious Most of these vices can be avoided 
if the tendency is discovered in time and proper treatment applied After 
any one of these has become a habit, it becomes exceedingly hard, if 0°^ 
impossible, to break 
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Kicking. The habit of kicking during milking is most frequently 
developed as the result of %vrong treatment when the heifer is first milked 
At first the cow kicks either because of pair or fear If she is maltreated at 
this time, kicking becomes an act of resentment and rapidly develops into 
a habit ihat cannot be broken Frequently cows kick only when milked 
by certain milkers When kicking durmg milking has been established as 
a firm habit, there is nothing that can be done to break it The treatment 
then lies in tying the hind legs m order to protect the milker The most 
effective and convenient method is the use of antikicking chams These 
consist of two hooklike pieces of iron connected with a chain A hook 
IS placed above each hock with the chain passing in front of the legs 
When the chains are not available, the hmd legs may be tied together 
either with straps or with rope 

Sucking. The habit of sucking is also practically impossible to break 
Cows have been tied up in stanchions for more than a year without 
any chance of sucking either themselves or other cows without being 
broken of the habit The treatment lies m methods of prevention The 
sucking cow may be prevented from suckmg by the use of anyone of 
three contrivances (I) a contrivance such as a chain or two bull rmgs 
placed m the nose in such a way that it hangs over the muzzle, preventmg 
her from getting hold of the teat, (2) a bridle equipped with a quarter- 
inch gas pipe drilled full of holes used as a bit, which does not permit 
sucking, (3) a halter with a muzzle strap containing sharp points that 
are tivo or more inches in length The self-sucking cow may be prevented 
from sucking by making it impossible for her to turn her head back to 
the rear flank This may be accomplished by fixing a surcingle around 
her chest, fastening one end of a short stick to the surcmgle, and then 
passing the stick between the front legs and faslemng the other end of it 
to a close fitting halter Although not proved, some believe that feeding 
skim milk to cows is conducive to forming the sucking habit 

Fence breaking. The habit of fence breaking or fence crawling is 
usually developed when cows are kept vvuhm poor fences When once 
developed, this habit can be broken only by the use of good fencing A 
cow may be prevented from crawling through fences by a yoke placed 
around the neck Fence breakers frequently teach other cows m the herd 
the same habit For this reason it is advisable to dispose of them unless 
they arc valuable producers 

Viciousness. Not infrequently cows become vicious to the extent that 
they will attack children and sometimes adults In the early stages of the 
development of this habit it may sometimes be broken by a few sharp 
blows over the nose This is more effective if done by the person attacked 
at the time of the attack 

CARE IN BREEDING AND CALVING 

Gestation period and estrus cycle. The average gestation period for 
the cow is 281 days, vMth about equal chances of calving on any day 
from the 275ih to 287th day There is a question as to how many days 



358 


DAIRY SCIENCE, SECOND EDITIOV 


short of the 28i that a calving can be considered normal, and when it 
should be considered an abortion Gestation periods as long as 300 da>s 
have been reported 

The normal estrus cycle m the cow is 21 days Variations of five days 
from the average is not uncommon The first oestrus cycle usually occurs 
one week following calving Disease and malnutntion may be the causes 
of complete suppression of the oestrum In extreme nutritional deficiency 
such as a lack of phosphorus or a vitamin deficiency, oestrum does not 
occur until the deficiency is corrected and the body stores recuperated 

^Vhen to breed cows According to the data presented in the preced* 
mg chapter, breeding a cow so as to conceive on the 75th to the 1 10th day 
folloiving calving results in the greatest average daily milk production for 
the lactation penod Breeding on the 85th day results m calvings 12 
months apart Breeding earlier than the 75th day results in a greater 
reduction of milk yield than in the time between calvmgs Breeding for 
conception on the 30th day following calving causes a reduction in the 
milk yield of 18 4 per cent for heifers and 21 3 per cent for older coi*s, 
while the time is shortened by only 15 1 per cent When more than 110 
days intervene between calvmg and conception, the per cent increase m 
the length of time between calvmgs becomes greater than the increased 
milk yield, resulting in lower average daily yields 


Relatios op the Nuuber op Service Periods to Cosceptiov* 


Number e( Service 

Number «t 
Cowy 

1 Number ef 

1 CoDcepuou 

PercesUxe of 
CoacepuoM 

Cbeaceof 

Coocepuon* 

Rrst 

, 1280 


42 7 

1 2^ 

Second 

1 729 


3SJ 

1 2.8 

Hurd 

466 


3U 

1 3.2 

Fourth 

506 


258 

1 39 

Fifth 

210 

55 1 

261 

1 38 

Suth 

14Z 

29 

204 

1 49 

Sev entb 

101 


158 

1 6.1 

Ei,,hth 1 

78 


120 

1 87 

I^mtb 

63 


9^ 

1 105 

Tenth 

52 


80 

i 13 0 

Elev enlh to tn cntie th 

168 1 


2.3 

1 42.0 

Twenbelh to forUeth 

100 

1 “ 

0 

0 


By breeding cows on the first heat period following the 7Dth day after 
calving It IS possible to secure pregnancies for all but a small per cent of 
a normal breeding herd by the 110th day following calving 

Breeding efScieacy The number of services required per pregnancy 
IS partly dependent upon the amount of sicnhiy present m the herd, and 
for any one herd it v>ouId vary considerably from year to year Tlic dau 
presented m the previous table, secured from the University of Minne- 
sota herd over a period of 29 years, is probably representative of what may 
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be expected m a herd over a period of years It will be noted that there 
IS one chance out of 2 3 that conception will occur to the first service With 
each additional service, the chance of conception becomes less 

Sterility. One of the very serious problems that a breeder encounters 
in buildmg up a herd is that of sterility The percentage of stenhty for 
each age group as observed in the University of Minnesota dairy herd 
over a period of 29 years is shown by the following table It tvill be noted 


Rsxation or Age and Sterility in Dairy Cows * 
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that the highest proportion of stenJity up to nine years of age occurs m the 
tivo year old group After ten years of age, the percentage of sterility m- 
cceases rapidly with increate m age 

While not all the causes of sterility arc known, a number of factors are 
known to cause or contnbute to sterility either temporarily or perma- 
nently Heredity is undoubtedly one of the major factors contributmg to 
the sterility of the two year old group, and it is not inconceivable that some- 
times temporary sterility may be due to hereditary factors From the 
preceding table, it is seen that age is a factor Nutrition is also a factor 
Badly undernourished cous do not come into estrus Animals on a 
phosphorus deficient ration frequently do not show normal oestrus until 
the phosphorus level of the body has been restored 

The part that nutrition plays m sterility is not fully understood Coivs 
m severe inanition states do not show estrus and, whether or not there is 
ovulation, from a practical standpomt breeding efficiency is impaired 
Phosphorus deficient cows may ovulate with regularity yet estrus is absent 
and practical sterility results Vitamin E has been shown not to be a factor 
in bovine fertility as rations free of vitamin E show ed no impairment of 
estrus or lowered conception rates 
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One of the major causes of sterility is diseases of the reproductive tract- 
Brucellosis, tnchomomasis, accidents to the gemtal tract during parturi- 
tion and many other disease factors arc responsible for much temporary 
and permanent sterility 

The rest period. It has previously been shown that by givmg a cow a 
rest penod lactation will be mcreascd m the foUowmg lactation period * 
There are probably two reasons why a rest period results m greater pro- 
duction during the subsequent lactation penod The more impiortant is 
undoubtedly the bmlding up of body reserve to be used in the production 
of milk followmg calvmg Tlie other reason is the effect of the rest penod 
upon the recuperation of the mammary gland tissue 

The manager of a dairy herd is confronted with the problem of de- 
cidmg the length of the rest penod that will give the b«t results The 
objectives may be either to have the cow produce the largest amount of 
milk regardless of cost or to produce economically The data given by 
Sanders, presented in the table on page 342, showed that up to a certam 
rest penod, of at least 115 days, there is an mcrease in total production for 
each increment m the length of the rest penod Therefore, m order to 
prepare a cow for maximum production regardless of cost, the longer the 
rest penod the greater the production that can be expected 

For the most economical production other factors than those that affect 
maximum production must be considered While the production of the 
subsequent lactation penod contmues to mcrease with the increases m 
length of the dry penod, the rate of mcrease decreases with each successive 
lengthenmg of the dry penod This, with the fact that Jengthenmg the 
dry penod shortens the current lactation penod, it obvious that 

there is a limit to the length of a dry penod that will be the most economi- 
cal A difference is noted for heifers and older cows m the effect of the 
length of the dry penod upon subsequent production It is apparent that 
longer dry periods are to be advised for heifers than for older cows, this 
IS due, no doubt, to the need for further growth and development of the 
heifers Accordmg to (he data given by Sanders, a dry penod of 45 day's 
for heifers increased the subsequent pri^uction by 33 2 per cent, while for 
older cows an increase of only 18 5 per cent was expenenced over no dry 
penod For 1 1 5-day dry penods the rcspectiv e mcn^ases over no dry penod 
were 52 2 per cent and 30 2 per cent With a 45-day dry penod as the 
base, an extension of 7o days increased the production S 1 per cent for 
heifers and 3 8 per cent for cow-s Extending the dry penod to 115 days 
increased production 14 2 per cent and 6 0 per cent respectively 

Under average conditions optimum results are secured with a dry 
penod of 40 to 45 days for older cows and 70 to 75 days for younger cows 
There arc, however, conditions which will alter the length of the dry 
penod Cows in poor condition need longer dry periods for building up 
the necessary body stores, and underdeveloped heifers need more than 
the normal length of dry penods for the needed additional growth and 
development 
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Caie of the dry cow. Since the mam object of the dry penod, aside 
from the possible recuperative effect upon the mammary gland, is to build 
up body reserve for the next lactation period, the cow should be fed 
liberally with well selected feeds As the body stores are made up mainly 
of fat and mmeral-matter and contain only relatively small amounts of 
protein, the feeds furnished durmg the dry period should supply adequate 
mmerals and energy with enough protein to satisfy the maintenance 
requirements The guide to a satisfactory ration will be the condition of 
the cow If 2in excellent quality of legume hay is fed, it alone may be 
adequate provided the cow is in fair condition at the beginning Good 
pasture is always adequate When the cow is in poor condition to begm 
with, It IS essential to feed some concentrate The cheapest concentrate, 
selected on an energy basis, is the one to be chosen If the cow is in very 
poor condition, six to eight pounds of concenirate may be fed daily In 
localities where the soil is deficient m phosphorus or where a poor grade of 
nonlegume hay is fed, bone meal should be furnished as a source of 
calcium and phosphorus 

Durmg the wmter m colder climates, except for the severest days, the 
dry cow should be let out daily for exercise During the warmer months 
she may be left in the pasture continuously While mechanical abortions 
are comparatively mfrequent in cattle, the cow in advanced pregnancy 
should not be chased by dogs, hurried on ice or slippery pavements, or 
handled roughly 

Care at calving. The welfare of both the cow and the calf is frequently 
dependent upon the care given during calvmg time Neglect and improper 
attention at this time may result m the loss of both the cow and the calf, 
or may cause a weakened condition of both that results in the ultimate 
loss of the calf and decreased milk production for the cow The cow is 
subject to several hazards at this time, including difficult calving, con- 
gestion of the udder, retained afterbirth, digestive disturbances, and milk 
fever, any of which may result in disaster and which may be avoided 
by careful attention 

The approach of calving is ascertained from the breeding date and the 
appearance of the cow As calving time nears, the external genitalia 
become enlarged, the ligaments on either side of the tail head become 
relaxed and sunken, and the udder becomes more congested When these 
signs are observed, the cow should be carefully watched She should be 
placed in a maternity pen in the barn or m a small clean pasture lot if the 
weather is favorable The maternity pen should be disinfected with lysol 
solution and bedded with clean straw or shavings A laxative feed should 
be fed , three or four pounds of a mixture of bran, ground oats, and linseed 
oil meal is excellent At the first signs of labor, the coiv should be carefully 
^vatchcd for any needed assistance, but should not be disturbed, as any 
excitement interferes with the natural process If no progress is made after 
two hours of labor, an examination should be made to determine whether 
the calf IS m normal presentation of forefeet and head foremost If the 
presentation is abnormal — that is« if other parts of the calfs body arc fore- 
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most — assistance is needed, and a vetennanan should be called, as should 
be done for all other difficulties m calving 

The newborn calf sometimes has a membrane over the nostnis, this 
must be removed or suffocation will result If the calf is of normal strength 
and the cow is normal, it is best to leave the cow and the calf alone in the 
box stall or small pasture lot Only when the calf is weak or the coiv 
shows inattention toward the calf should assistance be rendered If the 
cow fails to lick the calf, it should be dried by vigorous rubbing with 
straw or cloth When the calf is too weak to nurse, it should be assisted to 
secure colostrum milk as soon as possible after birth, preferably wilhm 
one half hour Colostrum milk, m addition to furnishing food, is laxative 
and contains antibodies which make the calf more resistant to later in- 
fection 

Unless the cow is infected with some contagious disease, it is well to 
leave the calf with the cow for the first two or three days after calving 
Loss of weight due to calving.* If the cow has been properly fed, 
there is a progressive increase m body weight up to calving and then a 
sudden decline The increase in weight during pregnancy is due to three 
factors growth of the fetus and fetal membranes, body growth, and 
storage of mainly adipose tissue The greatest increases in weight occur 
with the first calf heifers, with progressive decreases for each successive 
gestation until maturity The decrease m weight at calving time is due to 
the loss of the calf, placenta, and amniotic fluid After calving, there is a 
stUl further decrease in weight for an average of 45 da>s, due to insufficient 
feed intake to supply maintenance and milk production requirements. 
Milk u then produced in part from body stores 

Nebraska Station workers studied weight gairu dunng pregnancy and 
losses due to calving for 656 gestations T^cy found weight losses varying 
from 78 to 151 pounds For the first gestation the loss m \>cight repre- 
sented 1 1 8 to 12 9 per cent of the cow’s weight, while for older cows the 
loss vaned from 81 to 12 0 per cent The placenta and amniotic fluid 
weights vaned greatly, the lowest being 22 pounds and the largest 58 
pounds In terms of body weight, this represented I 9 to 5 1 per cent 
Feeding after calving M soon after calving as the cow vsill drink, she 
should be supplied fresh water It is desirable that the water be lukewarm. 
It IS csscnual tliat icc cold water be warmed As much hay as the cow will 
consume should be allowed, and the laxative gram mixture should be 
continued for at least two days The amount of feed consumed for the 
firat few days u not important, if the cow u m good condition when 
calving, the body reserve will supply the body needs The important 
problem is to maintain a good condition of tlie digestive system by 
avoiding overfeeding After the second or third day following calving, d 
normal progress has Ixen made, the calf may be removed and die coW 
returned to the herd Fbc amounts of concentrate should then be gradu- 
ally increased v%nh the aim of reaching full feed in tlircc v%ccks— 
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for very high producers, which may not reach full feed in less than six 
weeks’ time 

Difficulties encountered following parturition Following parturi- 
tion, the cow is subject to a number of afflictions that, unless immediate 
and competent attention is given, may result m disaster These afflictions 
may be divided into those that affect die generative organs and those con- 
cerned with the mammar> glands 

Due to the strain of calving and the engorged condition of the genital 
tract, the vagma and uterus may become bruised or torn, leadmg to 
infection, this condition requires the attention of a veterinarian These 
and other factors may be responsible for eversion of the uterus and re- 
tained afterbirth In eversion of the uterus the organ fails to contract, 
inverts, and protrudes By the skilled attention of a veterinarian, the 
uterus may be returned and held in place by appropriate means until it 
IS completely contracted 

Retained ajlabirth Normally the afterbirth should come away withm 
four to six hours follovving parturition Following abortion, and for other 
reasons not known following apparently normal calving, the afterbirth 
fails to come away naturally The afterbirth is attached to the uterus walls 
by from 50 to 100 cotyledons through which the nourishment passes from 
the blood to the fetus Normally these attachments are such that they 
break from the uterine contracnons followmg partmition, but sometimes 
they grow firmer and the afterbirth is not expelled 

If It IS not normally expelled, the afterbirth may be removed by pmeh- 
mg off the attachment of the cotyledons This should never be attempted 
by anyone except a skilled person Unless carefully done, injury will be 
caused that will result in permanent sterility 

As soon as it becomes evident that the afterbirth will not be expelled 
naturally, it should be rcraov ed Unless this is done decomposition sets in 
and the toxic decomposition products are absorbed into the system, caus- 
ing loss of appetite and marked dcclme m both weight and milk yields 
The decomposmg retained afterbirth may also be a contributory factor to 
sterility 

Congested udder High producing cows usually suffer from a con- 
gestion of the udder immediately followmg calving, this congestion lasts 
for varying lengths of time In some cases the congestion may be due m 
pan to an infection In the majority of cases, however, it is a natural 
sequence to the rapid development of the gland and is caused by the 
accumulation of tissue fluid (or ly mph) in the gland tissues 

The degree of congestion is influenced by a number of factors Ex- 
posure to drafts and chills intensifies the congestion and may lead to 
infection (discussed under “Udder Diseases”) The higher producing 
cows arc more subject to congestion of the udder than arc lower pro- 
ducers Cows m high condition also suffer from greater congesuon than 
do those m poorer condition The claim by some that certain feeds arc 
specifically conducive to udder congestion is not warranted by fact 
Xu extreme cases of congestion milking becomes very difficult because 
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of the shortened teats and the slowness with ivhich the milk is let down 
When this is the case, it may be advisable to leave the calf with the cow 
until the congestion has somewhat receded Some believe the massaging 
of the udder by the calf is helpful in reducing the congestion Additional 
vigorous massaging by the hands will help to start the flow of the lymph 
out of the tissue and reduce the congestion 

As the result of several recent studies, prepartum milking has been 
demonstrated to be the most satisfactory solution of the congested udder 
problem Milking should be started as soon as signs of congestion develop 
\^rtth the beginning of milk ing not only is further progress of congestion 
stopped but the swelling that is present ^vlll gradually disappear Work 
thus far indicates that prepartum milking will not depress milk flow follow- 
ing parturition In prepartum milking there will be no colostrum following 
freshening and provisions for this substance for the newborn calf must be 
made in other ways The first two or three milkings (prepartum) >viU 
result in normal colostrum, which may be preserved for the calf by 
freezing 

Prepartum milking not only prevents undue swelling of the udder and 
thus makes milking easier after calving, but also is a factor m preventing 
a breaking away of the udder The excessive swellings that sometimes 
occur puts more weight and stress on the suspensory mechanism than it is 
able to withstand and a breakdown results Mastitis may be lessened to 
some extent by prepartum milking because the excessively large swollen 
udder is more subject to injury and thus predisposed to infection 

Mtlk fever or parturient parens Milk fever is a disease usually limited 
to high producing cows While it may occur at any time during the 
lactation period it rarely occurs except following calving The finst symp" 
tom of this disease is staggering, ^vlth particular lack of control of the 
hind legs The disease advances with progressive increases in paralysis 
and ends in prostration and complete coma, and unless relief is admin- 
istered, It terminates in death When complete coma has appeared, the 
cow lies with her head turned back against her chest. The eyes have 
become glassy and she will not respond to pm pneks The temperature 
becomes lower rather than higher as is indicated by the name 

Milk fever is caused by a lowering of the calcium salts of the blood ‘ 
Reducing the calcium ^ts of the blood by intravenous injection of 
sodium citrate brings about symptoms analogous to milk fever Intra- 
venous injection of calcium chloride brings about rapid recovery The 
lowering of the blood calcium to produce nuJk fever can be explained by 
the fact that whole milk containing about 20 times the concentration of 
calcium that blood docs is rapidly bemg produced and the calcium n 
being withdrawn from the blood, the mechanism for releasing calcium 
from the body stores rcplcnishmg the blood is not functioning This e*" 
plains why leaving most of the milk in the udder when milking for the 
first days following calving helps prevent milk fever 
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Fig 81. Milk tubes, teot plugs, and teat diiators: A, two types of milk tubes 
— self*retaining on the left; B, three types of teat plugs; C, wox teat dilators. 


Milk fever may be cured by either the intravenous or the subcutaneous 
injection of calcium gluconate or by insufflation of the udder with air. 
By injecting calcium gluconate (200 cc. of a saturated solution) the cal- 
cium of the blood is restored, and recovery is sudden. Insufflating the 
udder >vith air to a pressure that stops milk secretion, stops the drainage 
of calcium from the blood and permits gradual building up of the blood 
calcium from the body stores. 

For mr insufflation of the udder, a teat canula or milk tube (Fig. 81) 
is inserted in the teat and air is pumped into the quarter, first passing 
through a cotton filter. Each quarter is inflated with a pressure equal 
to that which the maximum milk pressure exerts in a \vell-distended 
udder. Extreme precautions must be taken to prevent infection. The 
ends of the teat must be washed in an antiseptic solution, and the teat 
canula or milk tube must be sterilized by boiling. With the best care 
possible, infection frequently follows this treatment. For this reason the 
safest treatment for r^lk fever is the intravenous injection of calcium 
gluconate. 

CARE IN MILKING 

The object in milking is to perform the act in such a manner as to 
obtain all of the milk in the udder. As has been shown previously, when 
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the milkings are incomplete there is a tendency to dry-ofT the cow The 
letting down of milk is a reflex act (involuntary) essential to a complete 
milking The stimulus causing the reflex is sensor> Immediately after 
calving the sight of the calf and later the manipulation of the udder and 
teats are stimuli causing the letting down of milk Unpleasant sensations 
produce counter stimuli which result in an eflcct that is usually referred 
to as “holding up the milk” but that, more properly, is failure to let down 
the milk 

The first essential in milking is to prevent undue excitement and to 
make the act as pleasant for the cow as possible Loud talking or uncom- 
mon noises about the barn at milking time, mistreating the cow, or any 
other uncommon activity at milking lime must be eliminated for ef- 
fective milking Excitements of the kind mentioned may be responsible 
for the cow withholding 20 per cent or more of the milk, as well as for 
lengthening the time required for milking 

The second essential for good milking is rapidity Apparently there 
is a time limit to the stimulus for letting down milk If all the milk is 
not withdrawn by the time the letting down action has expired, a com- 
plete milkmg cannot be effected Probably one of the chief differences 
between a good milker and a poor milker is the difference in the rapidity 
with which they milk 

Methods There are several different methods used m hand milking, 
differing chiefly in the manner m which the teats are grasped The most 
common and preferred method is the full hand grasp with the thumb 
and index finger encircling the teat at the base, closing off the teat s)stem 
with pressure when the milk is to be expressed Forcing the milk out is 
then effected by applying pressure on the teat by closmg the finger tips 
against the palm of the hand A modification of this method consists 
m bending the thumb so that the knuckle is against the teat, closure of 
the teat canal bemg effected by the index finger pressing the teat against 
the thumb The milk is then forced out by applying pressure as in the 
former method A thud method, sometimes called the strip method, con- 
sists m grasping the teat at the base between the thumb and forefinger 
By pressure the teat canal is closed, and fay sliding the pressure toward 
the end of the teat the milk is expressed 

Some people moisten the hands in milking This practice is to be 
condemned not only because it is unsanitary and results in contammation 
of the milk but also because the moistened teats will become sore when 
they are exposed to the cold 

The order of milkmg the teats is not important It is most common 
however, to first drain the milk accumulated m the cisterns of the front 
teats, then to do the same for the rear teats, and then to return to the 
front teats, when the major portion of the milk should be completely let 
down 

Drawing out the last milk is known as stripping Care should be taken 
to stnp as rapidly as possible m order to avoid making the cow a stripped 
If the stripping action is prolonged, the cow soon adjusts herself to the 
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Situation and the milk is let down slowly over a long period When this 
habit is formed, it is difficult to break 

Milking the heifer. The way m which a heifer is trained ^vlll largely 
determine how she will react to milking when mature If at the beginnmg 
a heifer develops an unfavorable attitude toward milking, she is likely 
to continue this attitude and become a “kicker” or a cow that holds up 
her milk 

For breaking in a heifer, the training should start several weeks before 
calving She should first be placed m a stall with the rest of the milking 
cows to become accustomed to the surroundings She should be brushed 
daily and treated gently, preferably by the person who will milk her 
following calving, in order that her confidence may be gamed When 
milkmg is started, special efibrt should be made to make the act as pleasant 
as possible Severe remonstrations for kicking or misbehavior result in an 
attitude of antagonism that may become permanent When this becomes 
the case, the suggestion of milking becomes a stimulus for fight, this is not 
conducive to good behavior during milking and reacts against stimuli for 
the rapid letting down of milk 

Milking before calving While there is no evidence that milking a 
cow before calving has any detrimental effect upon the subsequent milk 
production, there is no evidence that it is at all necessary Recent work 
has shown that the accumulated milk m the udder will produce only a 
maximum pressure equivalent to 40 mm of mercury when secretion 
ceases, thus, by refraining from milking, no more than pressure equivalent 
to 40 mm of mercury will be developed, and there is no evidence that such 
a pressure is harmful Milking before calving removes the colostrum milk 
and deprives the calf of this essential first food 

Milking after calving It is usually not necessary to milk the cow 
until 12 hours after calving For the first two days, as a precaution against 
milk fever, it is well not to remove all the milk 

Hard milkers Frequently the sphincter muscles encircling the streak 
canal arc overdeveloped or lack elasticity, this condition results m hard 
milkers Not only docs it require more energy to milk these cows but also 
more time In some cases the sphincter muscles may be expanded to 
some extent by strong milkers Inserting “teat expanders” (Fig 81) m the 
form of rubber or metal plugs into the streak canal m the interim betw ecn 
milkings will also help However, fully overcoming hard milkmg requires 
a dehcaic surgical operation in which the sphincter muscles arc partly 
cut If too many of the splimctcr muscle fibers are cut, the teat may leak 
milk 

Sometimes one or more teats become hard to milk because of a wart- 
hke growth from the v\alls of the icit system This growth is known as 
a spider The only remedy for ibis condition is a surgical operauon by 
ui experienced vctcrinanan Unless carefully done such an operation is 
apt to cause masiiiis 

Drymg-off cov*s. rrcqucnily a real problem is encountered m drymg- 
off high producing dairy cows for ihc necessary 6 weeks* rest period li 
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has usually been advised that cows should be dned-off by lengthening 
the intervals between milking and then removing only a portion of the 
milk in order to partly relieve the pressure m the udder It is usually 
advised to begm by milking but once a day, then once every two days, 
and lengthening the interval until the time that they are completely dned- 
off To reduce the stimulus for milk secretion, the grain allowance is 
markedly reduced during the diying-off process This has a tendency to 
defeat the purpose of the drymg penod, which is to build up the body 
reserve for the next lactation Another objection to drying-off cows by 
lengthening the intervals between milkings and to remove only a part 
of the milk IS that the mJk produced under such conditions is not normal 
\Vhen milk is left in the udder for more than the normal length of time, 
Its composition is changed and it takes on some of the characteristics of 
colostrum milk 

A more desirable way of drying-off cows is to stop milking completely 
whenever the rest period is to begin, regardless of the amount of milk 
produced After the last milking it is desirable to carefully wash and dry 
the teats and then dip them in collodion to seal the ends of the teats This 
will prevent entrance of organums into the teat through the streak canal 
It has been shown that when the milk is not removed, a maximum pressure 
IS soon developed at which milk secretion ceases and resorption of the 
milk begins Carefully controlled experiments have shown that drymg-ofT 
Cows by this method has no detrimental effect upon the milk produced or 
upon the bacteria content of the miJk m the subsequent lactation 

Leaking teats There are two conditions producing leakmg teats In 
one the sphincter muscles are too weak to effect a closure of the streak 
canal against the pressure of the milk m the udder In the other there is 
either a natural fistula to the teat cistern or one caused by a teat vsound 
extending into the teat cistern There is no known method by vihtch the 
sphincter muscles may be strengthened The only practical solution to the 
problem of leaky teats due to weak sphincter muscles is to seal the ends ofi 
the teats after each milking by dipping them in collodion 

The fistula, whether it is natural or produced by a w ound, may be closed 
by cautenzmg it either with a hot iron or by other surgical means The 
cauterization must be done when the cow is dry 

Sore teats Sore teats may be caused by exposure to the cold, particu- 
larly when wet by injury, such as wire cuts or bruises, and by a number 
of infections, of which cowpox is the most common Whatever the cause, 
sore teats are a source of extreme annoyance durmg milking and result 
m losses from spilled milk and mcomplete letting doivn of the nulk. 

In all cases of sore teats the pam due to milkmg ma y be ameliorated by 
bathmg the teat m a v>arm salt solution (one teaspoonful of salt to one 
quart of water) to soften the sores, and then applymg vaselme In the 
case of severe wounds and bruises, the wound should first be cleansed 
with a disinfectant solution, and then medicated vaselme should be ap- 
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plied In severe cases the milk should be withdrawn by means of a milk 
tube 

Warts sometimes cause sore teats or discomfort to the milker Warts 
are usually temporary Vaseline or ohve oil applied daily will prevent 
their spreading and speed up their disappearance Large warts may be 
removed by clipping them off and then touching the wound with a stick 
of caustic potash or a 5 per cent solution of silver nitrate 

Use of a milk tube. In case of severe teat injury the best means of with- 
drawing the milk is by using a milk tube The tube should be inserted m 
the injured teat when the other teats arc milked, as a more complete 
drainage of the milk is effected at this time than when inserted following 
the milking of the normal quarters In using a milk tube, extreme care 
must be taken to guard against infection The tube must be sterilized by 
boiling and the end of the teat must be carefully cleansed with a disin- 
fecting solution such as lysol before the tube is inserted 

Why cows leave the herd Cows are disposed of for the following 
reasons 


1 Surplus stock 4 

2 Poor producers 5 

3 Old age 6 

7 Sterility 


Accidents 

Deaths 

Disease 


No adequate study has been made to show what proportion of the 
cows disposed of annually falls into each of the categories listed For any 
one herd the distribution would vary greatly, depending upon the in- 
cidence of disease and the amount of surplus stock Scattered cow testing 
associations’ reports indicate that from 15 to 20 per cent of the cows 
disposed of are sold because of low milk yields Sterility and disease 
constitute the cause of disposal of more than 60 per cent of the number 
Misner estimated that less than one third of the disposed animals were sold 
for productive purposes in a region of relatively great demand for cows 
The length of productive life of cows There is a scarcity of authentic 
material on the length of time cows are productive That there is great 
variation among cows as to the age at which production ceases and they 
are eliminated from the herd, is well known Cows have been known to 
produce and reproduce when 20 or more years of age, although this is 
rare Itis a commonly accepted belief that cows are productive for 5 years, 
although individual studies vary from 3 6 to 7 5 years Actual studies 
revealed the following ages of productivity of cows 


Delaware County, N Y 
Chester County, Pa 
Lcnav.ee County, Mich 
Mason City, Iowa 


3 6 years 

4 34 years 
4 52 years 
4 5 years 
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In addition, Dow ‘ reports one heifer replacement for 5.5 cous as 
adequate and Rasmussen ’ 6 >ears as the a\cragc productive life of cous. 
Estimates by farmers run as high as 7.5 years by 131 farmers in New 
York.* 

PROTECTION AGAINST FLIES 

Damage. The damage done to cattle by flics is not known. Some people 
believe that the generally supposed damage of flies to milk production is 
overestimated. Flies, however, arc responsible for great economical losses 
due to preventing cattle from grazing, the spreading of disease, the damage 
caused to hides and flesh, annoyance during milking, and the great sums 
of money expended in combating them in the form of sprays, screens, 
flytraps, and other devices. The more important flies attacking cattle arc 
stable flies, horn flies, house flies, v\arble flies or cattle grubs, horse flics, 
and screw v\orm flies. 

Stable fiy. The stable fly*»* resembles the house fly in appearance. 
It differs from the house fly in that it has piercing mouth parts that pene- 
trate the skin and with vshich it sucks blood. The annoy ance to cattle is due 
to the pain caused by piercing the skin. Eggs of the stable fly, which 
develop into adult flies in about tv\o weeks, are laid in manure and de- 
caying straw, 

Horn fiy. The horn fly is smaller than the stable fly It gets its name 
from the fact that it roosts at the base of the horns This fly has a painful 
“bite,” sucking blood as does the stable fly. The horn fly may be recog- 
nized by its habit of spreading the wings when feeding. It breeds in fresh 
manure, and requires ten days to develop from the egg to the adult fly- 

House fiy. The house fly * does not bite the covvs but annoys them by 
crawling over their skin, and it is a general nuisance in the barn and milk 
house. It breeds in manure and in moist decaying matter of all kinds. 

Warble fiy. The warble fiy * or heel fly or cattle grub is found in all 
parts of the United States While this fly docs not bite, it b one of the most 
annoying to cattle It deposits its eggs on the hair of the legs, on the body, 
and one species on the heels, and when m the act of depositing eggs, it 
causes fear in the animal that often results in a stampede. The eggs hatch 
and the larvae burrow through the skm and tissues to find their way up 
under the skm of the back, where they pupate Damage to the animal is 
caused when the larvae burrow through the skin and tissue and when the 
pupae dig holes in the skm along the back from which they exit in early 
spring Aside from the adult stage, the whole life cycle is spent on the 
animal Control lies in the destruction of the larvae 

Since the warble fiy will travel considerable distances, control of thb 
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pest must be an area undertaking The pest can be controlled b) dis- 
trucnon of the larvae before they emerge One method applicable to small 
herds xs to squeeze the larvae out and destroy them The more common 
method is to destroy them tn situ m one of several ways Dusting about 
one and one-half ounces of a mixture of one part dems powder containing 
5 per cent rotenone and nine parts wettabie sulphur along the back and 
then brushing vigorously against the hair with a stiff bristled brush is 
effective Another satisfactory method is to make up a solution of ten 
ounces dems powder and four ounces neutral soap with one gallon of 
water and apply along the back with a stiff bristled brush For large-scale 
operations spraying with a sprayer that will develop 200 or more pounds 
of pressure is preferred The spray is made up of five pounds dems powder 
and ten pounds wettablc sulphur m 100 gallons of water About one half 
gallon will be required per head 

Fly control. Flies may be controlled by destroying the breeding places, 
by use of various repellants, and killing the adult fly In recent years a 
number of insectcides have been developed that are effective m killing 
flies when they contact a sprayed surface Among this list are DDT, TDE, 
toxaphene, benzene hexachlonde, chlondanc, and methoxychlor DDT 
(dichloro diphenyl-tnchloroethane) has been used the most extensively 
for the spraying of barns, milk houses, and cattle It has been very effective 
in controlling the fly nuisance when properly used except m some cases 
where it has been reported that the flies have developed a tolerance for the 
drug to the extent that 50 or more times the amount of the material is 
required to to be effective 

Recently because of the possible injury to human health DDT and 
others of the chlorinated hydrocarbons except methoxychlor have been 
removed from the list of recommended insecticides to be used as sprays for 
milking cows or for barns or milk houses It has been shown that when 
DDT is ingested it will be absorbed into the system and will be deposited 
in the body fat and in the milk Because of the deposit in the body fat the 
drug will be found in the milk for up to 60 days aJfter the last ingestion of 
the substance Spraying young stock and bulls with DDT is not contra- 
indicated because there is no evidence that the ingestion of DDT m 
amounts as would be gotten from this source is injurious Likewise manure 
piles and other places ivhcfc flies may breed may also be sprayed with 
DDT provided that milking cows are kept away 

Methoxychlor is now the only one of this group of insecticides that is 
recommended for spraying dairy barns, milk houses, and milking cows 
This substance is held to be nomnjurious to humans in the amounts that 
could possibly get into the milk 

Spraying of barns Methoxychlor should be used for the spraying of 
the barn and milk room This drug is obtainable in 50 per cent wettable 
pow der and should be made up to a 5 percent solution with water DDT 
may be used as a spray for other places where flics gather but where cows 
in milk do not contact DDT for this purpose should likewise be made up 
to a 2 5 per cent solution either m oil or in water One gallon of either 
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DDT or methoxychior solution %vill cover about 300 square feet of surface 
Spraying should be repeated each two months during the fly season To 
be most effective all surfaces where flies alight should be spra>ed This 
mcludes w alls, ceilmg, supports, screens, stanchions, and the outside where 
flics usually roost around doors and wmdows 

Spraying cattle Both DDT and mcthoxychlor are very effective in the 
control of the house fly and the horn fly and less effective for the biting 
stable fly when applied to the animal They are not effective in the control 
of dccrflies and are of no value against warble flies and bot flies Only 
mcthoxychlor should be used on milking cows, while DDT may be used 
on bulls and young stock Only wcttable powder made up with water 
should be used for cattle sprays A 5 per cent solution of mcthoxychlor 
and a 2 per cent solution of DDT should be used About two quarts arc 
required per cow per spray Either spray must be applied every three 
weeks during the fly season 

Older methods of using fly traps, electnc killing devices, and fly 
repellents do not seem to have a place in the fly control program that is not 
taken care of more effectively by the use of DDT Repellents do not reduce 
the fly population but merely protect the animals by keeping the flies off 
Oil base repellents have been shown to increase the body temperature of 
the animal and to cause skin bums 

Lice. There arc three species of lice that commonly affect cattle, 
causing damage through imtation of the ammal Two species arc blood 
sucking (the short-nosed cattle louse, Hzmolopimut euT^sternus, and the 
long-nosed louse, Linognathus itlult) and the third is a biting louse {Tncho- 
dtaits scalatis or red louse) Due to the itching caused by the hce, affected 
cattle rub themselves against any available object or lick themselves, 
cither of which will cause loss of hair, leaving denuded areas Cattle 
engaging m excessiv c rubbing or licking should be inv csiigatcd for po-siblc 
infcsution of hcc The neck, the back of the head, and the back are the 
most probable places to look for hcc Lice reproduce by laying eggs called 
mts The mis hatch in about ten days 

Licc arc controlled by the adequate use of DDT Before the cattle are 
stabled and while the weather is still warm, all parts of the body should be 
thoroughly wetted with a 0 25 per cent DDT or mcthoxychlor spray made 
up of from wcliabic powder One such treatment is usually sufficient, since 
ihcrc will be sufficient residual DDT or mcthoxychlor on the hair to kill 
lice that hatch from eggs on the body at the time of the spray Dunng the 
winter m cold climates hcc may be effectively treated by dusting wuh a 
5 to 10 per cent DDT or mcthoxychlor dust 



Chapter 35 


THE MILKING MACHINE 
AND MILKING 


The largest single labor item in the care of dairy covvs is that re- 
quired for miUung ' Estimates of the per cent of time required for milking 
vary from 53 6 per cent of all labor requirements for the milkin g cow to 41 
per cent of the total labor requirements for the whole herd While the 
time required to milk a cow vanes with the milker, the amount of time 
needed depends upon the amount of milk a cow yields and the ease with 
which she milks, on the average, seven mmutes arc required per milkmg, 
or 14 mmutes per day This means that approximately 75 hours arc spent 
annually in milking each cow Because the labor requirement is so large, 
and because milking requires daily and exact attention, hired labor is 
ddEcult to secure, therefore a great deal of mterest has been manifested 
in the mechanical milker 

The history of the development of the milking machine, the different 
types of machines, the comparison of hand and machine milking, the 
economical phases of machine milking, and the care of the milking ma- 
chine are subjects with which the student of dairymg should be familiar 
History of the milkmg machme.* Attempts at making milking raa- 
chmes began m the United States as early as 1819 All of the earlier types 
were failures, this fact did much to establish the early prejudices against 
milking machines The earliest types used tubes inserted m the teats These 
were followed by pressure devices to squeeze out the milk, and they m 
turn were followed by suction machines of various types 

The milk tube milking machines were soon discarded because of the 
injuries to the teats and the spread of disease It is possible to draw the 
milk from the udder by means of the miJkmg tube, but in inexperienced 
hands the end of the teat is frequently injured, and unless the tube is 
sterilized before each insertion, mastitis infections are generally spread 
Although a large number of patents have been granted on the pressure 
types of milking machines, none of them are noiv m use In reviewing 
the development of milking machines. Erf desenbes machmes of this 
group using rollers, pads, plates, belts, and mechanical fingers All were 
based upon the principle of hand milking that is, applying pressure to 
the teat, beginning at the upper portion and working downward The 
force for applying the pressure was furnished by means of belts, shafts, 
and m some cases, by pneumatic devices Ah of these types proved un- 
satisfactory because the amount of labor involved in their operation was 

* KttsNSR N Y Agr Expt Sia 409 1922 
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Fig 82 Here is shown the effect of varying the negative pressure (vacuum) 
from 10 to 16 inches of mercury upon the rote of milk withdrawal in three 
cows 


large and also because they were inflexible and annoying to the cows 
Most of the machines had to be securely strapped around the body of 
the cow With some types the power was furnished by hand, and more 
work was expended m turning the machme than would have been ex 
pended in hand milking 

The first suction machme, patented in 1 860, w as operated by contmuous 
suction While this typ>e of machme was much more satisfactory than any 
of the previous types, it found disfavor principally because of the injury 
It caused to the teats The continuous vacuum on the teats caused a s>*v ere 
congestion 

In 1893 the Thistle milking machme, which proved to be a distinct 
advance in the evolution of milkmg machmcs, was developed This 
machine is usually credited with being the first to use mtcrmittent suction 
or pulsation, vshich is the basic principle of all modern machmes The 
Thistle machine w as crude and complicated as compared with the modem 
machmcs The pulsations were created at the vacuum pump, and by the 
time they reached the teat cups the> were not sharp and well defined A 
large vacuum pump and a large amount of poiNcr were needed, since all 
the air in the entire vacuum s>siem had to be expelled with each pulsation 

The next important advance in the development of the milking machine 
occurred m 1902 when LawTcnce and Kennedy of Glasgow, Scotland, 
developed the first mechamcal milker with the pulsator on the hd of ih® 
milker and the pressure created b> vacuum * TTiis pnnciple permits the 
maintaining of a continuous vacuum m the vacuum system and the giving 
of sharp and dutinct pulsaiions at the teat cup All modem machines 

> Wou. Aso Hcmpiirey tSu Expt. Sta Ra Bui 3 1907 
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embrace this principle, although different mechanical means are used by 
different manufacturers 

Types of modern milking machines. Although all modern milking 
machines use negative pressure for extraction of the milk there are dif- 
ferences m the mechamcal means used Mechamcal milkers fall mto t^vo 
groups (1) single action and (2) double action 

Single action The machines failing in the smglc action class have teat 
cups >viihout rubber inflations, and depend upon the negative pressure 
being apphed from a piston pump or the like in which that pressure is 
created by the outward stroke and release is afforded by the return stroke 
The pulsation rates are, therefore, established by the speed of the pump 
The level of negative pressure increases from the beginning of the stroke 
till the end, when partial release is afforded If there is complete release of 
negative pressure, the teat cups will not remain attached 

The negative pressure is confined to the milk tubes, teat cups, and head 
On the outward stroke, the milk gathers m the head set over a pail and 
on the backward or release stroke the milk is dropped mto the container 
Some of the machines are constructed so the head will fit over a milk can 
In spite of the partial or nearly complete release for one-half of the c> cle 
the teats become congested from these machines 

Double action The double action machine is characterized by a teat cup 
having a rubber inflation or Iming on the inside This type of machine 
requires a constant negative pressure coming from what is known as a 
vacuum tank The vacuum tank may supply the negative pressure to 
where it is needed through a pipeline, or both the motor and the vacuum 
tank may be portable These machines are equipped with pulsators, 
dcMCcs that m^c or break the negative pressure These pulsators may be 
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adjustable or regulated electncally at a constant rate The negative pres- 
sure from us source usually is connected to the pulsator which is custom- 
arily placed on top of the milking machme pad 
From the pulsator the negative force is directed two ways, one mto 
the milk pail and the other to the outside of the teat cups The full nega- 
tive pressure always goes to the outside in the teat cups In many cases 
the force going to the pail is reduced by what is known as a check valve 
The amount of reduced force through the action of the check valve varies 
but usually is about equal to two inches of mercury pressure On such 
a machine operating with 14 inches of mercury negative pressure in the 
pipeline will deliver not over 12 inches to the teats Those machmes that 
do not have check valves can deliver the full force of the pipclme negative 
pressure to the teats 

The negative pressure in the pad is applied through the milk tube to the 
teats on the inside of the rubber mdattons This force is constantly applied 
The teats, however, are alternately protected against the congesting 
effect of this force by the collapse of the mflations due to release of the 
negative pressure in the outside shell Upon release in the shell, the rubber 
mflations collapse with sufficient force to produce a substantial massaging 
action 

The double action machines are subdivided into the suspended or 
short tube and the floor or long tube types The suspended machines, as 
the name indicates, are suspended from a surcingle and has short milk 
tubes, each tube from the teat cup being connected to the head of the 
machme The floor type of machme usually has the milk tubes and vacuum 
tubes from each teat cup enter a claw to which there is a smgle vacuum 
tube and from which the milk is taken to the pail in one milk tube 
The rcleaser system The rcicascr system employs the regular milking 
machme prmctple for milkmg, but instead of the milkmg machme pail 
being used, the milk is drawn through sanitary pipmg into the milk room 
Vacuum is employed m the transport of the milk into one of two con- 
tainers ^\hcIl one container is filled, or when one or more cows have 
been milked, the vacuum is released from the filled or partially filled 
container to permit emptying its contents, and the other contamcr is 
evacuated This is accomplished by the so-called rcleaser device 
The rcleaser system was developed m New Zealand and Australia, 
where it is extensively used In this country a modification of the rcleaser 
system IS used in the so-called "milkmg parlor ” Here the milk is drawn 
directly from the cow into a glass container suspended from a scale and 
located above the stall The milk u drawn from the glass contamcr into 
the milk room by the rcleaser method The rcleaser system has reached iw 
highest development in the Roto lactor owned by the Walker Gordon 
Company of New Jersey The Roto betor consisu of a revolving ublc 
containing 50 stanchions and one rcleaser unit for each stanchion The 
table makes one revolution m minutes, during this time a cow i* 
milked Many special features arc incorporated in the Roto betor system 
Every machine u washed and sterilized by automatic arrangement* 
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following the milking of each cow Special alleyway arrangements arc used 
in taking cows to and from the Roto lactoi to minimize labor requirements 
and confusion The cows are washed as they enter the machine and dried 
before the milking machine is attached 

Cows are not stripped following milking by the releaser type, toward 
the end of the milking the udders are massaged to facilitate getting all 
the milk in the udder 

Comparison of hand and machine milking A number of experi- 
ments have been conducted to test the relative efficiency of hand and 
machine milking Only the more recent work is worthy of note as only such 
would include studies of the modern perfected milking machine The 
Iowa Station ^ compared hand milking with the milking of one of the 
modern machines by alternating the two for a period of 51 weeks The 
average daily milk yield of 20 22 pounds for the machine and 20 18 
pounds for the hand milking shows no significant difference for the two 
methods This is in accord with previous studies using the same method of 
approach ^ 

Recently Dahlberg * reported on comparisons of hand and machine 
milking for a group of seven cows that were milked by machine the first, 
second, and fourth lactation periods, and by hand the third lactation 
period He observed that cows milked by machine were not quite so 
persistent as those milked by hand The differences were not great and 
have no bearing upon the advisability of using machines 

It may be concluded that machine nulking is probably not quite so 
efficient m getting the most milk as the best hand milking,* but it is better 
than the average hand milking It has been universally recognized that 
cows like machine milking as well as or better than hand milking Most 
of the harmful effects of machine milking appear to be due to leaving the 
machine on the cow too long 

Stripping by machine The question as to whether one should strip 
by hand following the mechanical milk has and still is subject to a good 
deal of debate There is no argument about the desirability of removing 
all of the milk, for reasons that have been fully discussed in a previous 
chapter The question then is one of whether all of the milk can be re- 
moved by the machine or whether it is more practical to do so by hand 
stripping At the Minnesota Station it has been established that all milk 
that has been let down can be removed by the proper manipulation of the 
teat cups and massaging of the udder 

Any milk m the teat cistern must be removed to the action of the me- 
chanical milker The problem is that of getting the milk into the teat 
cisterns As milking progresses the lower part of the udder becomes soft 
and flabby due to the release of the pressure caused b> the let down milk 
As a result these soft tissues arc gradually drawn into the teat cup first 
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to slow down the flo^v and hnally to completely block the passageway 
for the milk from the gland cisicm to the teat cistern By drawing the 
teat cups dowmvard to reopen the passageway and, simultaneously, with 
the free hand, massaging each quarter to facilitate drainage of the (sp) tor- 
tonous ducts, every bit of the milk that has been let down can be with- 
drawn by the machine 

While all of the milk can be removed in all cases by proper manipulation 
of the teat cup assembly , there arc cases m Nvhich special ^ills axe required 
to accomplish this fact Sometimes growths occur m the walls of the teat 
cistern that will necessitate drawing the teat cups down so far before 
passage for the milk is opened that they are apt to drop off Different 
anatomical anomalies of teats and lower udder also contribute to dif- 
ficulties m stripping by the machine The number of cases that present 
senous difficulty is few and perhaps the best solution for the out-of thc- 
ordmary difficult ones is hand stripping 

There are three reasons why cows should be stripped by the machine 
rather than by hand 


3 


Tunc and effort u saved One extra trip to the cow at each milking is saved 
The cows are kept in better milking habits Hand stripping, particularly if 
prolonged has a tendency to make stnppcrs out of cows Many cows will 
develop the habit of not letung down all of the milk to the machme and 
require a second let-dow n to the stimulus of hand stnppmg 
Most of the visible parucle contaminauoo in wntW comes from the practice 
of hand stnppmg 


The question of how much milk may be left m a quarter vvithout damag- 
ing effects is still not settled It is not feasible to spend enough time to get 
the very last milk out MUk contmues to dram from the network of ducts 
for some time after milkmg is completed The all important point is to so 
carry on the milking that the milk is forced out of the alveoli Fmm the 
evidence now available, leaving a few ounces m a quarter provided the 
alveoli are emptied is not deleterious 

Principles of milking. Milkmg is accomplished only by the proper 
application of force in which the sphincter muscles surroundmg tlic teat 
meatus are stretched to make an openmg for the milk to be discharjcd In 
hand milkmg the upper part of the teat cistern is closed tightly by the hand 
to prevent the milk from flowing back into the udder cistern and pressure 
IS applied to the milk filled lower part of the teat The mcreased pressure 
inside of the teat stretches the sphmeter muscles and the teat meatus ^ 
forced open Measures by the author of the pressures exerted m hand 
milkmg vaned from 20 to 35 inches mercury pressure with each squeeze 
by seven different hand milkers In general the faster milkers applied the 
greater force, although this was not alwajs true In some cases failure to 
close the upper part of the teat cistern soon enough or to close them com 
pletely caused some of the teat contents to flow back into the gland cistern 
and a proportionately small stream was evacuated with each squeeze 
In machmc milkmg the pressure on the inside of the teat is left uD- 
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changed The pressure inside the teat cup is Jov\ered by the machine so 
that the normal pressure inside the teat la relation to the outside pressure 
becomes great enough to force the meatus open and allow the milk to flow 
out In the double action machine the milk is not squeezed out, as is 
claimed by some The milk floivs out of the teat only when the inflations 
arc distended by the application of negative pressure in the outer teat cup 
Upon collapse of the inflation milk stops flowing 

The relation oj negative pressure levels and speed oj milking Other thmgs 
being equal the greater the negative force the faster the milk will be with- 
drawn There is a great difference among cows in the amount of force 
required to milk at a satisfactory rate In so far as the force required m 
the speed of milkmg, it is due to the strength of the muscles surrounding 
the meatus Injury which produces scar tissue around the meatus usually 
increases the force that is required to withdraw the milk speedily There 
are other factors than hardness of milking that impedes the rate of milk 
withdrawal and that are not improved by increasing the amount of force 
One is the failure of the cow to let down her milk as fast as it can be taken 
away and the other and more common are the obstructions (either natural 
or developed) m the upper teat cistern that iviU not permit the milk to 
enter the teat as fast as it can be withdrawn 
The best level of negative pressure to be used is still not settled It is 
obvious that in herds where most of the cows are hard milkers a higher 
negative pressure should be used than where the cows are easy milkers 
There is this interesting automatic feature about mechanical milking that 
for easy*milking cows a much smaller portion of the total potential nega- 
tive force IS delivered to the teat than for hard-milking cows The reason 
for this automatic regulation is due to the fact that the greater the flow of 
milk in the milk tube, the greater wUl be the resistance to the negative force 
reaching the teat For casy-milking cows the author has found as little as 
five inches of mercury negative pressure on the teats with 13 inches N P 
m the pail When the milk ceases to flow, the full force in the pail will be 
directed to the teat 

Injury from mechanical milkers A great deal has been said about the 
injury to the teats and udder caused b> mechanical milkers Misuse can 
cause sev ere damage but b> proper use less force need be e.\erted on the 
teat by the mechanical milker than by hand milking Studies by the author 
have revealed that, when milk flows out of the meatus, no force is exerted 
on the inside of the teat With the double action machine left on for five 
minutes no dciectiblc congestion or swelling of the teat was observed 
except m the very end With the smgle action machine left on for five 
minutes there was a noticeable increase m both the length and thickness 
of the teats 

When milk docs not flow through the meatus, the negative pressure 
extends inside the teats with damaging effects The inside lining becomes 
congested and the upper part of the teat and sometimes the lower part of 
the udder arc drawn mto the tcaicups where ashcaring action takes place 
with each pulvation These injuries invite mfccuon and produce growths 
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Leaving the milking machine on the cow too long and using too great 
a vacuum are, predisposmg factors for mastitis Either one of these 
practices may mjure the delicate membranes linmg the teat cisterns and 
increase the chances of infection at the point of injury, from which m- 
fection may spread to the deeper parts of the udder 

Economy of imlking machines Whether or not milking by machine 
IS to be advised depends upon whether one or more of the following 
three points are to be met 

1 To reduce the cost of milking 

2 To overcome the difficulty of securing competent hand milkers 

3 To obivate dishke for hand milkmg 

The cost of labor and the size of the herd are the chief factors which 
deterimne whether the use of milking machines will lower the cost of 
milking The use of milkmg machines will reduce the time required for 
milking by more than 50 per cent * The Iowa Stauon reported a saving of 
52 1 per cent in the actual time required for milking ' The Illinois Station, 
from a study of hand milkmg on 34 farms and machme milking on 32 
farms, found an average of 133 9 hours of labor for care and milkmg per 
cow per annum when milked by hand and of 81 5 hours for cows milked 
by machine, or a saving of 52 4 hours of labor per cow per year * With the 
saving of time required m milkmg it would appear that the milkmg ma- 
chinc IS a time and money saver for any sized herd This is not true, since 
there are certain costs m connection with the milking machme that are 
constant, increasing but slightly with the increase in herd size The chief 
Items are depreciation at the rate of tO per cent per annum, mterest on 
investment, and repairs and replacements To these must be added the 
cost of power and the extra labor involved in cleaning the machine At the 
Iowa Station m 1929 these items amounted to a total of $172 61 for 22 
cows On the average farm with 25 cows, Illinois found that labor repre- 
sented 76 5 percent, pouer 33 2 percent, and charges against the aiackuie 
10 3 per cent of the total costs of milkmg by machine ^Vhen the labor rate 
varied from 12 to 30 cents per hour, the annual saving per cow for herds 
with less than 25 cows ranged from $0 46 to S9 So, and for herds above 25 
cows, from $2 76 to S12 37 

On farms where plenty of labor is available that would not otherwise 
be utilized from an economical standpoint, the labor should be used m 
hand milkmg, even at low returns per hour Where additional labor must 
be cniplo>ed, the milkmg machme begins to be a profitable investment 
with herds of 12cows, with increasing savings for larger herds When hand 
milking IS very much disliked and it is difficult to secure competent hand 
milkers, ihe purchase and use of milking machines for smaller than 12*cow 
herds may 1^ advisable 

Care of the milkmg machine Like anj other mechanical device, the 
milkmg machine will do good work only when propcrl) cared for Two 
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Fig 84 Milking machine sterilizing rack The sterilizing 
solution IS run out of the container to fill all the ports with 
which the milk comes m contact during the milking 


mistakes are frequently made in running milking machines the pulsator 
IS not properly adjusted, and the vacuum is not properly maintained 
the pulsator rate is either too slow or too fast, the maximum efficiency 
of the machine cannot be attained At regular intervals the rate of pulsa 
tion should be checked and adjusted if necessary While the vacuum is 
usually prevented from becoming too great by the proper safety valve 
furnished by the manufacturer, the operator is frequently responsible tor 
too little vacuum, with resulting inefficiency of the machine Leakage^ 
the line, in the rubber tubes, or in the pail from improper fitting of the 
cover may be sufficient to lower the vacuum below the point for maximum 
efficiency 

The milking machine frequently suffers from lack of care, particularly m 
the oiling of the few movable parts in the vacuum pump and pulsator 1- n 
pail and teat pumps arc frequently dropped and become dented so as to 
permit leakage of air and resultant loss of vacuum The rubber inflations 
may not be properly adjusted, or they may become cracked Cracked or 
improperly adjusted inflations may leak air and draw milk into the chatn- 
ber between the inflation and the teat cup shell, this results in poor mu 
ing, and sometimes in milk getting down into the pulsator All faulty m 
flations and other parts should be replaced 
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Replacing inflations constitutes the greatest repair expense for milking 
machines It is, therefore, good economy to give special attention to those 
considerations that will increase the length of life of the mflations Fat 
and dirt cause rapid deterioration of rubber, and their prompt and thor- 
ough removal will do much to lengthen the life of the mflations Also 
undue stretching of the inflations should be avoided 

Cleaning the milking machine. It is possible to produce as dean milk 
with as low bacterial content by machine as by the best of hand milking, 
but m order to do so, special effort must be made to thoroughly clean and 
stenli 2 e the parts of the machine with which the milk comes in contact 
The milk ing machme pail may be cleaned and sterilized like any other 
pad — by first scruhbmg it thoroughly, and then scaldmg it with boding 
water or steam The rubber parts, however, do not permit this treatment 
because they are inaccessible and also because the heat will injure the 
rubber ' It is therefore necessary to use some chemical sterilizer For a 
chemical sterilizer to be effective, all of the milk must be removed 

Immediately after milking, before any of the milk has dried on the 
machme parts and while the machine is still on the vacuum, several 
gallons of cool or lukewarm water should be drawn through each unit 
This IS done most effectively by dousmg the teat cups up and down in 
the water to permit water and air to be drawn through alternately Thu 
procedure is followed by drawing through, in the same manner, one or 
more gallons of a hot solution of washmg po%vder Use two heaping table- 
spoonfuls of any good washmg powder to a gallon of ivater The teat cup 
liners should be brushed, especially the portion extending outside the 
teat cup shell 

After the milk has been removed, the tubes and teat cups with the 
liners may be immersed m the chemical stenhzmg solution, or they may 
be placed in the “stenlizmg rack ” (Fig 84 ) The sterilizing rack is a 
device so constructed that the teat cup assembly vnth the m\Ik tube is 
automatically filled with the sterilizing solution In cither case the eqmp- 
ment should be left in the stertlizmg solution until just prior to the next 
milking, when it should be rinsed with clean water 

The stenlizmg rack has several advantages over the immersion method 
of stenlizmg The outside shell of the teat cups is not exposed to the action 
of the solution, and since the contents of the tubes and teat cup assemblies 
are discarded after each usage, fresh stenlizing solution is used for each 
lime of sterilization In contmued use of the solution, folloived when the 
equipment is immersed, the solution becomes contammated and weak- 
ened 

The sterilizing solution ma> be made up according to directions from 
a large number of sterilizers on the market, or it may be made at home 
Some recent work indicates that a l>c solution not only is an effective 
disinfectant but also is an cvccUent cleansing agent that prolongs the 
life of rubber A stock solution of lye is made by dissolvmg a 14-ounce 
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Fig 85 Incomplete evacuation of the udder causes rapid drops in milk 
Lactation curves are shown for five consecutive lactations of a cow that let 
down her milk well on the first lactation resulting in good persistency During 
the second third, and fourth lactations she developed the habit of lettmg 
down the milk completely on infrequent intervals resulting in steep slopes 
of the lactation curves For two weeks m the fifth month of the fourth locto 
tion the udder was emptied after each milking by the injection of oxytocin 
Note a more than 50 per cent rise in milk production During the fifth locta 
tion she was milked by a milker she responded to with complete let down of 
milk resulting in a 61 2 per cent increase in milk for 305 days 

can of 1) e in a gallon of water One half pint of the stock solution is used 
to one gallon of water in making up the solution for use in sterilizu^S 

A homemade hypochJonde stock solution may be made as follows 
Dissolve one pound of sal soda m one gallon of water, then add one 14- 
ounce can of chlorinated lime, and stir or shake vigorously, let this 
mixture set until the sediment has settled to the bottom, then syphoo 
off the clear supernatant liquid into a dark colored glass bottle, and 
stopper the bottle tightly One quart of this stock solution will make 20 
gallons of sterilizing solution 

The vacuum line should be flushed out occasionally Moisture from 
the milk condenses in the pipes, and sometimes milk may be sucked over, 
resulting m high bacienal contamination 
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Proper milking. To get all of the milk out of the udder at each milk- 
ing IS the one fundamental objective m mdkmg Failure to do so is an 
important cause for premature drymg up of cows Some cows for unknown 
reasons are not able to let down all of the milk but retain constant quan- 
tities to leave a “meaty” udder after milking One such cow was found to 
retam eight pounds of milk, the amount ascertained by injection of oxytocin 
after each milking This cow dried up in a few months Others are erratic 
m their response to milking, letting down their milk completely at m- 
frequent intervals In these types there is usually not a good milker-cow 
relationship One such cow for instance produced 4,413 pounds of milk 
in 305 days in the best of three lactations when milked by the regular herd 
milkers In all three lactations there was a great variation from milking to 
milking wth a steep slope in the lactation curve When milked by a milker 
she liked, the milking to milking variations became small and she produced 
7,114 pounds milk in 305 days with other conditions similar to her 
previous lactations This is an mcreasc of 61 2 per cent over her best 
previous performance and ivhich increase is due to the milker ivho was 
able to get all of the mdk out of the udder 

There are many other reasons why cows are not completely milked out 
Undue excitement at mdkmg time, improper stimulation for the let down 
of milk, too long an interval between stimulation for let-down and begin- 
ning of milking, too slow milking and incomplete withdrawal of the milk 
that has been let down are all important contnbutory factors to poor 
milking In addition to these there is the consideration of injury to the 
teat and udder from improper use of the milking force and which mjunes 
are prominent predisposing factors to mastitis Five rules have been for- 
mulated as guides for proper milking as follows 

Rule 1 Avoid excitement of cows either before or dunng milking 
Excitement blocks the response of hormone secretion to the milkmg 
stimulus For the best response the cow must be relaxed and enjoy bemg 
milked 

Rule 2 Stimulate let-down about one or two minutes before milki ng is 
to begin The most effective stimulus is a vigorous massage of the teats 
and lower part of the udder by a cloth taken out of water as hot as the 
hands will stand — about 125® F This stimulates both the warmth and 
touch perceptors m the skin of the teat Use of a strip cup acts as additional 
stimulus and opens up the teat meatus Do not commence milking until 
the milk has been let down as evidenced by the distention of the teats and 
lower part of the udder 

Rule 3 In hand mdkmg use the full hand grasp of the teat Point 
compression such as digging in with the finger Ups or use of the thumb 
knuckle IS likely to injure the sensitive lining on inside of the teat as 
well as produce pain to ihc cow 

In machine mdkmg operate the milker according to the directions of 
ihc manufacturer and sec that it is in good working order Poor mechani- 
cal condition of milking machines is msponsible for much poor milking 
Defects that arc often found arc vacuum pump in bad repair, vacuum 
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QUARTER MILKED 

Fig 86 Delayed milking rewlH in incomplete evacuation of 
Eoch quarter wos milked in succession Note decreased amounts o 
and fat with each successive quarter milked and a correspon if>9 
crease following the administration of oxytocin 


gauge out of order, dirt in the pipelmc, leaks in air tubes or stall 
and broken or distorted infiations 

Rule 4 Begin stripping as soon as the teat cups 
done by pulling the teat cups downward as far as is 


crawl upwayd 

possible with droppio^ 
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off With one hand and successively massaging each quarter with the other 
hand Very few cows cannot be completely milked out this way in less 
time than it takes for hand stripping In hand milking, milk as rapidly 
as possible and avoid prolonged stripping 

Rule 5 Remove the milking machine as soon as the milk stops flowing 
Failure to do this is responsible for much injury to the inside of the teats 
as at this point negative pressure enters the teat with damaging effect 
When cows are milked according to these directions, the following 
benefits are obtained 

t Time IS saved In average herds not over three and one half minutes per 
cow should be required as an average Great variation in. cows should be 
noted Some cows milk out in as little as one and one half minutes while 
others may require more than ten minutes 

2 Increased milk production will result mainly by improving the persistency 

3 There will be less mastitis because of reduced teat injuries 

4 Cleaner and better milk wiU result from avoiding extra contammauon from 
hand stnppmg and reducing the incidence of mastms 

Order in stall milking It has been found that the best method is to 
establish a definite routme and follow it closely The first essential is that 
of having all of the equipment conveniently placed A satisfactory solution 
IS the use of a platform cart having room for the milking machines, pails 
for the warm water, and a solution for dipping of teat cups, container 
for used cloths, and at least two cans The cart should also be provided 
with suitable facilmes for the daily milk sheets and scales for weighing 
the milk It IS important that the operator of milking machines be m a 
position where he can view the machines at all times and that his time is 
available for the attention to the milking job and not spent m carrying 
milk and going for various equipment to be used 
The following routine affords most efficient use of time and effort when 
a milker operates two units 

1 Wash, stimulate, and stnp cup, No 1 cow 

2 Wash stimulate, and strip cup, No 2 cow 

3 Attach milker unit to No 1 

4 Attach milker unit to No 2 

5 Wash, stimulate, and stnp cup, No 3 

6 Stnp No 1 

7 Attach unit to No 3 

8 Wash, and stimulate, No 4 

9 Stnp No 2 

10 Attach unit to No 4, etc 

This routine requires a stall cock for each stall and a transfer pail be 
used By use of a transfer pad the milking machine head is transferred to 
the empty pad while a co\cr is placed o\cr the one containing the mdk 
The inachinc can thus be attached to the next cow without loss of tunc 
and the inilk cared for later Two units is the most that any operator can 
use efficient^ \lan^ operators stiould use only one unit 
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RECORD KEEPING 


lupORTAvcE One of the first essentials for the intelugent 
mRiiagLment of a dairy herd is ihr keeping of adequate records No other 
farm enterprise lends itself so well to record keeping ^ 

Individual records should be kepi for each cow, and there are tAcelle 
means developed for keeping milk and feed records One of the cM 
cnticisms of the ordinary dairy farm is the failure to ^ 

form, particularly the individual production record Intelhgerit ° 

of individuals to be retained and the formulation of a sound breeding 
program are entirely dependent upon keeping records and making tnc 

Urking'utde. It is necessary that an animal be definitely identified 
by some mark before other records can be of value Immediately a cr 
birth, an animal should be given a herd number This number shou 
be recorded in the permanent herd record book, together with specinc 
identification of the animal to which the number belongs A sketch oi 
ihe color markings forms an adequate means of idcniification of 
colored individuals This s>stem is particularly applicable to 
belonging to the Holstein, Guernsey, and Ayrshire breeds Solid colorea 
animals, howei-cr, must be identified by some other means of making, 
of which there arc a number of systems to choose from A number o 
symbol may be tattooed m the car by the proper tattooing instrument an 
mk This method is sometimes objected to on the score that dilTicu ty 
IS experienced in reading the tattoo marks on animals with dark skins, 
and that, in any event, ihc animals must be caught before the mark can 
be examined Ear tags of various shapes with the appropriate identify ii^ 
numbers arc used extensively Because the car tag is of necessity 
as to size, it also is objected to because animals must be caught in or 
to ascertain the identification numlicr Ear tags also arc frequently lost, 
they often cause irnlalion in the ear, and arc lorn out when the anim 
rub against objects to soothe the imtation (fig 87 ) 

Another means is lo strap the tdcnufication tag around the neck 
tag may be of such size that the number can be ascertained wnlhou 
actually catching ihe animal However, the strap may wear out or brea 
and the identification mark thus lost 

A chain locked around ihc horns and carrying the idcntificaiion i^ 
u a method used by a number of breeders In herds where ihc anim ^ 
arc dehorned, this system pbviously cannot be used rurihcrinorc, i* 
more cxpcmivc than some of the other means of identification 

Branding, v>hich u con^nonly resorted to as a means of idcnu)*^ 
range animals, u occasional^jv^^d in ihc idcniification of dairy anima 
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Fig 87. Different types of eor tags, horn chain, and neck strop for identifica- 
tion of cattle ore pictured here. 


Numbers may be branded on the horn, the hoof, or on the side of the body. 
This has the advantage of being easily discernible, but it is objected to 
by many because it disfigures the animal. 

As no two animals have the same nose pattern, nose prints may be 
used as a means of positive identification. The print is taken by rubbing 
the nose with an ordinary stamp pad and then pressing print paper 
against the nose. This system meets with the objection that to identify 
the animal, it must be caught and the nose print taken and compared with 
the original print. 

Herd numbers. ^Vhile all purebred cous must be named in order 
to be recorded, and while there may be good reasons for naming other 
than purebred cows, record keeping is greatly facilitated by assigning 
numbers to all co%vs. Also, ^vhcn one becomes accustomed to the practice, 
it IS just as easy to know and refer to an animal by number as by name. 

Milk record. The extreme variation between the milk production of 
individual cows is five times as great as the variation m fat percentage, 
and ^vithin any one breed the variation is even greater. To evaluate a 
cow it IS, therefore, of much greater importance to know her milk pro- 
ducing ability than to know the fat percentage of her railk. The milk 
yield for a year may be fairly closely estimated from one- or two*day 
weighings once a month, or once every two months, for example, or the 
actual yield may be determined by summation of daily weighings. 
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There are many reasons why daily milk weights should be kept The 
total yearly milk yield can be accurately ascertained, whereas occasional 
weighings give only an approximation The record of daily milk weights 
furnishes the manager information necessary to ascertain whether the 
cow is doing as well as she should, and if the milker docs a thorough 
job Drops m daily milk yield due to different factors may be noted by 
an inspection of the milk sheet, where daily weights are recorded Dis- 
covery of drops m the milk yield may lead to the early finding of the 
Musative factors and their correction before any serious damage is done 
Daily weighing and recording of milk is the best check on the efficiency 
of the milkers It also adds interest to the work, particularly when the 
cows are high producers 


Fat record. While it is more important to know the amount of milk 
a cow produces, it is also necessary to know the fat percentage of the 
nu in order to estimate the value The determination of fat percentage 
of milk requires more time and technical skill than does the weighing 
and recording of the milk yields For this reason, it is not practical to 
^termme the fat content of milk as frequently as it is to weigh the milk 
Determining the fat percentage of the milk for one day each month 
and applying the percentage so found to the monthly milk production 
will give results that will come within 5 per cent of the actual While the 
lat percentage of milk may vary considerably from day to day, the 
chances are that the monthly tests will show that the low tests for some 
months are counterbalanced by high tests for other months Samples 
Po " i^outhly are less accurate than monthly samples but are satis- 
factory if monthly tests cannot be secured 

fat percentage has been found for one complete 
ht fit f can be used for determining 

subsequent lactation period where the milk 
35 ner rtlft ^^cnec, studying Guernsey records, found that for 

another 47 ^ Subsequent tests were the same, 

hSf of 1 ® 25 per cent m test, and about one- 

half of 1 per cent var^d as much as 1 0 m fat percentage 

barn mUl! requisite to proper milk record keeping is a 

aSTnSmelt W n"^ equipment and convenient 

rather than a rt ° toward making record keeping a pleasure 

sheet DroDerlv reason it is important to have the milk 

be focaled nla ,l T ^"2 located The milk sheet should 

be c^nvemenH P^^^'J^ere the milk is emptied, and the scale should 
AeTlk “S rfh M Th' for reoordmg 

'""“S'* '■> “akmg legible 

figure A rawfactory m.lk sheet u, repmduced .u Figure 88 

ma'J bi ae^mnlT d H “■ P™'":' 'h' milk sheet from flies Thu 

may be accomplished by covering the sheet with an oilcloth or better >ct, 

^posed along the lover edge for recording the veights (sec Fig 88) 
The milk sheet is protected below the glass by a v ooden cover, from which 
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It IS advanced up mto the 
glass front case as daily re- 
cordings are made At the 
end of the month the entire 
milk sheet has been ad- 
vanced into the glass com- 
partment and all record- 
ings are visible through the 
glass 

Because of their conven- 
ience only regular mdk 
scales should be used (Fig 
89 ) These are spring bal- 
ances with dial faces 
weighing to 1 pound 
They also possess a second 
indicator which can be ad- 
justed to zero for an empty 
pail With this type of 
scale and the milk sheet 
conveniently located, a 
milking may be quickly 
iveighed and recorded 
The barn book The 
herd book, for vanous 
reasons, cannot be kept m 
the barn Another book, 
one that is cheap, should 
be kept in the bam, and 
into It should be entered 
all facts necessary for the 
record of the herd These 
notations may be made 
chronologically Breeding 
dates, calving dates, record 
of the bull to which a cow 
IS bred, and all other items 
of importance, such as 
sickness, date of drying-off, 
etc , should be recorded m 
the bam book Periodically 
the noics m the bam book 
should be transferred to 
the permanent herd book 
The permanent herd Fig 88 A milk sheet protected from flies and 
book. To be of value rcc dirt by glass except for ono line for >#111109 
ords roust be m such a The imlk sheet is raised from below 




Fig 89 Good management requires inilk scales conveniently located fof 
do ly weigh ng of the milk 

form that they are easil> accessible at any time It is therefore important 
that all the essential records of the herd be kept in one book and m 
such a form as to be easily found There are many different forms that 
%\ill prove satisfactory One form, used by the University of Minnesota, 
IS a loose leaf book which has one sheet for the complete life record of 
the individual (Fig 90 ) In addition to contaimng the proper blanks for 





Fig. 90. The front (above) and back (befow) sides of the permanent herd 
record sheet used at the University of Minnesota. 

the name and number of the cow, one side also contains blanks for the 
pedigree and for recording the date of birth, the sire, and the disposition 
of the calves. Inspection of this page will give one the inheritance of the 
individual, the numl)cr of cahes she has produced, and the regularity 
with which she produced them, and also a record of the disposition of 
the calves. 
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On the other side are the blanks for the production records by months 
The months of the >ear are repeated mice for each column, permittmg 
the placing of one lactation period in a column, regardless of the time 
of the >ear at which it was started Should an individual live and re- 
produce for a greater number of years than there are blanks for the 
production records, another sheet may be inserted In the average herd 
this will seldom be necessary 

Using herd numbers and, m general, identifying the cows by means 
of herd numbers will greatly facilitate making and usmg the records 
When all coins have herd numbers, records are kept in numcncal order 
Assigning herd numbers to the heifer calves as recorded on the first 
side of the herd book sheet will facilitate looking up the records of the 
daughters 

Methods and extent of record keeping While the keeping of produc- 
tion records is essenual to mtelligent and efficient management, it is 
estimated that less than 3 per cent of the cows m the Umted States have 
production records There are a number of systems of record keeping 
open to use by the dairymen Records may be kept pnvatcly, by Cow 
Testing Associations when they can be organized, or by mail order test- 
ing when It IS available All breeders of purebred dairy cattle have avail- 
able the facilities for Official Testmg or Herd Testing Each of these 
systems will be discussed briefly 

PricaU record keeping Anyone with the inclination to do so can keep 
production records on his cows Samples for the determination of the 
fat content can be tested at home, or they may be taken to creameries 
where they will be tested for a small fee There is one mam difficulty, 
however, which accounts for so few private records being completed 
often when samples should be taken and tested, other farm work inter 
feres, and the result is that several months may elapse without fat tests 
being made and thus the records are incomplete 

Dairy Herd Improvement Asjoaations The first cow testmg associauon 
in the Umted States was starred in 1905 in Newaygo County, Michigan 
Since then these associations have increased until the peak of 1,143 as- 
sociations was reached in 1930 During the depression the number of 
associations decreased to 793 in 1934 The numbers arc again on an m 
crease The Cow Testmg Association, now known as the Dairy Herd 
Improvement Association, is a co-operative association and consists typi- 
cally of 26 dairymen employ mg a man known as the tester for keeping the 
records The tester visits each herd once a month, spendmg one day at 
each farm, usually amvmg in the evening He weighs and samples the 
milk of that evenmg and the following mormng, taking composite samples 
of the tVNO mdkings for fat determination The fat percentage of the nulk is 
ascertained by the Babcock test The amount of milk by the month is 
usually estimated from the day^s production multiplied by the number of 
days of the month, or when daily milk weights arc kept, they may m 
some cases be summated By applying the fat percentage to the weight 
of the milk produced the total fat for the month is estimated These 
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Fig. 91. A simple blank for keeping milk records. The monthly production 
may be estlmotd from computation of weighings for one day. Running totals 
are easily made. 


figures are ihcu entered in the Dairy Herd Improvement Association 
Herd Book. 

In addition to the milk and fat records* the amounts of feed consumed 
and cost thereof arc also estimated. At the end of the 12-month period the 
uholc is totaled. The milk and butterfat production, with the total value 
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thereof, are credited on one side of the book, while the amounts of feed 
and feed costs are charged on the other side, and from these figures the 
income above feed costs is determined 

The chief advantages of a cow testmg association are as follows 

1 Such an association assures that the record is kept When the owner 
attempts to keep records, he will frequently find that on the day set aside 
for testing and record keeping, some urgent matters \vill unexpectedly 
arise to interfere, and no record will be made 

2 It permits the owner to know not only what the animal in question 
produces, but also the costs, and furnishes a basis for the intelligent 
elimination of surplus animals from the herd The elimination of the lower 
producers in the average herd usually does more than anything else in 
raising the herd averages 

3 Since the records are kept by a disinterested party, they have a 
greater commercial value than private records, although those instru- 
mental in the promotion of Dairy Herd Improvement Associations do not 
wish to emphasize the commercial value of the record 

4 The greatest value from belonging to a Dairy Herd Improvement 
Association comes in the information and help received from the tester m 
regard to feeding, herd management, and crop planning More often than 
not, the tester will find that the good cows are underfed and the poor cows 
are overfed Rearrangement of the rations as recommended by testers 
has been instrumental in raising the production of Dairy Herd Improve- 
ment Association herds Frequently, too, the tester has discovered that 
while enough feed is given the cows, the ration is deficient m protein, and 
when a small amount of high protein food was added to the ration, large 
mcreascs in production were effected 

The following table lUusirates how production per cow per >car 
increased with successive years of Dairy Herd Improvement Association 
testmg This was accomplished, according to the owner, by eliminating 
the poorer animals from the herd as indicated by the tester’s record and 
by selecting the calves from the higher produemg animals 

Being a member of a Dairy Herd Improvement Assoeratron is a mark 
of distinction In 1946 the average production per cow in a Dairy Herd 
Improvement Association is 349 pounds of fat and 8,635 pounds of milk, 
while the average for the United States is about 4,800 pounds of milk and 
172 pounds of fat There arc two mam reasons for the high average pro- 
duction of cows in Cow Testmg Associations first, the work of the Dairy 
Herd Improvement Association teaches one to practice more rigid culling 
of poor producers and to use better production methods— all of which 
results m higher production and second, the better dairymen take advan- 
tage of the opportunities offered m an association and become members 
of It 

Recently there has been a modification of the standard Dairy Herd 
Improvement Association, m which tests may be conducted bimonthly 
instead of monthly The only difference is in the number of tests conducted 
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and the somewhat lessened accuracy of the records. The bimonthly as- 
sociations can accommodate twice the number. 

Official Testing. Official Testing has already been discussed under 
each of the breeds as it relates to the particular breed under discussion, 
but a general discussion of Official Testing is appropos at this point. 
The Official Test system was developed by the breed associations for 
the breeders of purebred cattle and started, as has already been noted, 
before the introduction of the Babcock test. At first it was confined to 
seven-day records, made for milk and butter — the butter being ascertained 


Results of 11 Years of Testejc in a Cow Testing 

AssocunoN ' 

Note the progressive increase up to 1935 and 1936. Poor feed 
conditions of 1935 and 1936 are responsible for the lower production. 


Year 

Com 

Milk 

Fat 

Fat 


Humber 

feundt 

PerCenl 

Pounds 

1926 

22.47 

6,373 

5.4 

343.7 

1927 

27.44 

6,898 

5.27 

359.7 

1928 

27.00 

6,890 

5.38 

371.2 

1929 

28.00 

7,004 

5.39 

377.7 

1930 

29.23 

7,315 

5.27 

386.0 

1931 

36.08 

7,282 

5.43 

395.7 

1932 

28.6 

7,821 

5.40 

422J 

1933 

28.83 

8,777 

5.40 

475.6 

1934 

27.94 

8,807 

5.48 

482.2 

1933 

32.03 

6,644 

5.63 

373.96 

1936 

32.68 

7,882 

5.26 

414.79 


by actual churnings. Later on this was extended to yearly testing, and 
rules and regulations were adopted to safeguard the accuracy of the 
records, Nvhich ^vere highly commercialized. The Official Tests are super- 
vised by a representative of the agricultural college in each state. This 
representative is known as the Superintendent of Official Testing. He 
appoints the test supervisors who inspect and conduct the tests on the 
farms. All reports are sent to the offices of the various breed associations, 
where they are tabulated and published and certificates are issued. 

There are two essential forms of Official Testing: one known as official 
and the other as semiofficial testing. 

The official testing referred to is that type of record in which an official 
inspector supervises the entire record period, whether it be seven days or a 
year in length, taking and testing samples of each milking. This form 
was too expensive for long-time records, and the short-time records have 
been found to be of so little value that, in the main, they have either 
been discontinued by the breed associations or are litde used by the 
breeders. 


' AsTRoni, F. B. 
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The semiofficial testing is a long-time testing of 365 days and of not 
less than 305 days In this form the inspector supervises milkings at in- 
tervals, the milk is weighed, sampled, and tested The owner keeps daily 
milk weights At one time, a two days’ inspection period each month was 
required This has now been modified so that one day each month or 
two days, bimonthly, may be elected The amounts of milk found by 
the inspector are checked against the owner’s report of milk weights, and 
the fat percentage as ascertained by the inspector is applied to the milk 
weights reported by the owner in the interim between inspection periods 
That the supervision in the conducting of these tests is most careful is 
shown by the fact that a preliminary dry milking for each inspection 
period IS required The inspector ascertains that the cow is milked dry, 
and then the last milking period must be 24 hours or 48 hours, as the 
case may be, from the dry milkmg time The inspector also must watch 
the milker while he is milking and take charge of the milk immediately 
after milking to avoid the possibility of additions being made to the milk 
The owner may elect to test any or as many of the cows of his herd as 
he desires Usually a limited number that have been properly fitted are 
selected for official testing Those who can afford it engage expert test 
cow milkers, feed the cows to produce the maximum that they are capa- 
ble of, and milk them four times a day In recent years this system of 
forcing cows for record making has been severely criticized as being 
unnatural and not representing the true value of the animal The chief 
cnticism, however, lies in the fact that only a few animals are tested, 
and that those animals which are known to be incapable of produemg 
a favorable record arc not tested Through the selection of a few of the 
best daughters of a bull for testing, a reputation as a sire of high produc- 
tion may be established when only a small percentage of his daughters 
arc really good producen The $>sicm of forced feeding, four times a 
day milking, and rigid supervision of the test has much to commend it 
Only in this way can the maximum producing capacity of a cow be 
determined 

Herd Test! Recognizing the shortcomings of the Official Test in 
permitting the selection of the better cows for testing, a number of 
breed associations have established a system known as the Herd Test 
The Herd Test system differs from the Official Test mainly m requiring 
that all milking animals m the herd must be entered on the test Like 
the Official Test, this system is limited to the use of breeders of purebred 
cattle It permits milking four wrocs a day, forced feeding, and that 
animals may be entered in both the Herd Test and the Official Test If 
on Official Test, those animals so entered must be supervised according to 
the rules governing those tests Different breed associations have slightly 
different forms for reporting the results In some cases, only herd averages 
arc reported, and in others, individual cow certificates arc given for 
cither the calendar year or the lactation year, as the c ayg may be 

O^ruT-iairpUr teitirg For those who do not vsish to pay the costs of 
Dairy Herd Improvement iVssociation testing or arc unable to obtain 
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such services there are provisions m many communities whereby records 
of production may be obtained by what is known as owner -sampler 
testing. In these cases the ONvner must weigh the milk at least once monthly 
and take a composite sample of a day’s milk similarly to the tester This 
sample is taken or sent to a laboratory where the butterfat content is 
detenmned and in many cases, if accompanied wath the day’s milk, weight 
computations of the milk and butterfat production for the month \sill be 
made In some cases the owner is instructed just before the sample is to 
be taken and someone then picks it up 

Keeping milk records only ^Vhile it is important to Lnoiv both the quantity 
of the milk and its fat content it is more important to know the amount of 
milk than the percentage of butterfat it contains — because amounts of 
milk is subject to much greater variations than fat percentage Know mg 
the amount of milk a cow produces and then applying the fat percentage 
representative for the breed, a reasonable estimate of the total butterfat 
production can be made If an occasional test of the milk is made as a 
basis for the fat percentage used the estimate will be more representative 
of the actual production 

By weighing the milk one day each month and muluplymg the total 
day’s production by the number of da>s in the month a reasonable esti- 
mate of the month’s production can be made A suggested form for record- 
ing the day’s weights provisions for entermg the monthly estimates and 
simple running summary of monthly production is shown m Figure 91 
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COST OF 




Determining the cost op producing milk is one of the uiportant 
and at the same time one of the difficult problems connected with dairy 
farming The interrelationship between the dairy and the other farm 
enterprises is such that it becomes difficult to separate the charges that 
should be made against the dairy from those that should be made against 
other farm operations The customary method of expressing as profit 
the income from the sales of milk and butterfat less the cost of feed 
consumed, is inaccurate, and it frequently distorts the picture of profits 
from the dairy cow Under certain conditions cows with a relatively 
low income above feed costs may have a lower cost of tmik produced 
than cows with larger returns over feed cosu 
The cost of producing milk or butterfat vanes greatly from time to 
time with different farm conditions Average figures have been worked 
out and will be presented later m this discussion Such figures serve 
only as a guide and cannot be used mdiscnmmately in arriving at milk 
production costs The general factors entenng into the cost of producing 
milk hold true almost cvery-where A consideration of these factors i5 
important m the proper approach to the problem of calculating the cost 
of production The costs may be distributed under the following heads 

1 Cost of feed 4 Investment 

2 Cost of labor 5 Depreciation 

3 Cost of herd sire 6 MisccHancouscosts 

In order to get at the net cost of producing milk, all the costs must be 
considered, and credit must be given for the calf and the manure 

Feed cost ‘ Feed constitutes, in the mam, the largest single item of 
expense m producing milk It is also one of the most vanable items m 
cost, depending upon the kinds of feed used, the market condition, and 
the utilization by the cow The feed cost vanes from as low as 50 per 
cent to as high as 7y per cent of the total cost of producing milk. 

Cofjficiert of Effiatncy, and fat-coirecUd milk One of the most important 
factors m lowering the cost of milk production is the efficiency of the cow 
m returning nutnents of the feed consumed m the milk she produces 
The percentage of the digestible nutnents of the feed returned m the mdk 
IS known as the Coefficient of Efficiency A formula for calculating tb® 


• On the Uah* cJ the high pnea prevailing in 1948 all co»u for feed labor, dc., 
about too {)er cent above those figures given m Uu* chapter CrcdiU Iike*rt*e art u*" 
creaied by the ume hgure. 
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Coefficient of Efficiency has been devised by Gaines ^ The milk first is 
converted into an equivalent of 4 per cent milk, known as fat-corrected 
milk (F C M ) The formula is 

F C M = 4 X yearly milk production + 15 X yearly fat producuon 

One pound of fat-corrected milk contains 172 pounds of digestible 
nutrients and requires, according to the Haecker Standard, 327 pounds 
of the total digestible nutrients in the feed One pound of animal live 
weight requires 2 893 pounds of total digestible nutrients for maintenance 
for one year The formula * for the Coefficient of Efficiency (C E ) is 
developed as follows 


100 


172 X (F C h! ) 

2 893W + 327 X (F C M ) 


Dividing by 327 and transposing 

(C E ) « 52 6 


(F C M ) 

(F C M ) + 8 847W 


It IS evident that increase in production enlarges and increase in weight 
decreases the Coefficient of Efficiency A cow weighing 913 pounds and 
producing 6,657 pounds of P C M has the same C £ as a 1,021 pound 
cow producing 7,458 pounds F C M Each one has a C E of 23 8 A 
1,200 pound cow producing 6,657 pounds of F C M has a C E of 20 3, 
as compared to a C E of 23 8 for a 913 pound cow producing the same 
amount of mdk When the 1,200 pound cow produces 15,000 pounds of 
F C M her C E becomes 30 8, or the milk produced contains 30 8 per 
cent of the total digestible nutrients in the feed consumed 

It IS evident that the feed cost per unit of milk decreases with the m- 
creased production of the cows, provided that the additional feed required 
to produce the larger amounts of nulk is not too expensive IVhen rough- 
ages are much lower in price than concentrates, a condition may exist 
ivhere lower milk production secured on roughage alone costs less than 
higher production on rations where a larger proportion of the ration 
consists of concentrates The United States Department of Agriculture * 
observed that for conditions existing in Montana, alfalfa, as the sole ration 
for dairy cows, produced only 70 per cent as much milk as was produced 
with a liberal grain allowance, but at a lower cost The addition of a 
limited amount of gram made the most economical production of milk 
and butterfat (See the section m Cliaptcr 43 called Feeding cows on limited 
quantities oj concentrates ) The large numl^r of studies of the relationship 
between costs and levels of producuon will be used to further illustrate 
this relationship Results of studies m Illinois * showing a steady decrease 
m the nutrient s required to produce one pound of butterfat w ith increases 

‘Gaines Saence67 3S3 1928 

* \V Live v.cight of the cow 

•US Dept. Agr nurocographed matenal 

*Rd3s Hall and Rhode 111 Agr Expt Sia Bui 244 1923 



402 


DAIRY SCIENCE, SECOND EDITION 



Fig 72 Showing the decrease in pounds of digestible 
nutrients required per pound of butterfat with increasing 
annual tnillc production 


in annual production are reproduced in Figure 92 Co\ss producing 100 
pounds of butterfat annually requu-cd approximately 23 pounds of digcsu- 
ble nutnenls per pound of butterfat, while cows producing 500 pounds of 
fat annually required but ten pounds of digestible nutrients per pound of 
fat 

The cxtensise studies of Dairy Herd Testing Association reports made 
by McDowell ‘ furnish further csidcnce of lowered feed cost per unit of 
mill, or butterfat with increasing production The relationship between 
the annual nulL production and the feed cost per 100 pounds of nuli 
shown in Figure 93 It is to be noted that in the lower production range 
each increment in milk production is accompanied by a large decrease 
m feed coit per 100 pounds of milk The adsantages from each increment 


» \IcI>ov.xix. u S DepLAgr Dul 1069 1922. 
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POUNPS OP MILK PEP COiV 

Dept Agr But 1069 


Fjq 93 Showing ihe decrease in the cost of 100 pot/nds of milk wifh increos 
ing annuo] milk yields 


in production become less until 9,000 pounds is reached, when further 
increases in production do not decrease costs per unit of milk 

When very high producing cows are fed heavily upon high pneed 
concentrates, milk production is usually made at increased feed costs 
Besides the high cost of the concentrates used under these conditions an 
excess of nutrients arc fed beyond those required for maintenance and 
production 

It IS apparent that when each additional unit is produced at increasing 
cost, the laiv of diminishmg returns functions m the production of imik 
At exactly what point this starts is not known as it vanes for different 
conditions In Figure 93 it is apparent that feed costs per 100 pounds of 
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millf are not materially reduced after a yearly production of 8,000 pounds 
of milk IS reached Other than feed costs alM increase for higher pro- 
duction 

Amount oj feed required to produce milk The amount of feed required 
to produce 100 pounds of milk vanes uidely \\ith the size of the cow, the 
amount of milk she produces, and the kind of feed she is given A 1,000 
pound cow needs at least 2,600 pounds of total digestible nutrients an- 
nually for maintenance This is equivalent to approximately 5,200 pounds 
of hay For each 1,000 pounds produced, an additional 335 pounds of 
total digestible nutnents arc required This amount represents about 
670 pounds of hay or 450 pounds of good concentrate mixture The fol- 
lowing table shows the amount of hay and the concentrates required 
for varying production levels of a 1,000 pound cow producing 4 per cent 
fat milk 


Amounts or Hay and Concentrates Requibed to Produce 
100 Pounds of Mile at Various Levtils of Production 


Assval iSax 
PsODCcnOK 

Feed Redciud rex Yeas 

Fe» rcR 100 Forvps or Mux 

H*7 

CoAcesUites 

Hiy 

CoBcesme* 


Fmiit 


Ftvndt 

Feuftit 

1,000 

5S70 



587 


3,000 

7,210 



260 


5 000 

7,210 

900 

144 

12 0 

7,000 

7,210 

1,800 

103 

257 

10,000 

7,210 

3,150 

72 

31,5 

15,000 

5,870 

6,300 

39 
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These figures are calculated from the requirements according to the 
revised Haecker Feeding Standard Silage may replace varying amounts 
of hay provided that three pounds of silage are supplied for each pound of 
hay replaced If good pasture is supplied, it may replace as much as 40 
per cent of the feed in the North and up to 75 per cent in the South 
Labor costs Labor represents the next largest single item of expense 
in producing milk Labor costs vary greatly, depending upon the pro- 
duction level of the cows, the cost of the efficiency of the labor, and the 
conveniences for work On an average, labor represents about 20 per 
cent of the total cost of producing milk The largest single item of labor 
IS represented by milking Misner » reports that milking requires 53 6 
per cent of all labor incident to producing milk This item can be reduced 
50 per cent or more by the use of milking machines, although it is partially 
compensated for by increased investment and depreciation of the milk- 
ing machine, and one must remember that increased power costs more 
for operation 

The Illinois Station * found that 133 9 hours of labor are required per 

» Muner N y Agr Expi Sla Bui 409 1922 
s Pearson AND Ross 111 Agr £xpt.Sta BuL 241 1923 
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co^v a year when the milhing is done by hand, and 81 5 hours when the 
milking IS done by machine In a study of cost of milk production in 
Maine, ^ Dow found that ivith larger herds labor is more efficient He 
found that 209 hours of labor were required for each cow per year in 
smaller herds, and 163 hours per cow ui larger herds Dow also reports 
an increase in the amount of labor required for high producing cows over 
poorer cows, but smaller labor costs are required per 100 pounds of milk 
for the former The annual cost of labor per cow producing 5,000 to 6,000 
pounds of milk was $40 00, while the cost per cow producing over 9,000 
pounds of milk was $53 00 The labor cost per 100 pounds of milk was 
$ 71 for the former and S SO for the latter 

The returns from the dairy may be expressed m returns per hour for 
labor Cavert,* studying costs of produemg butterfat in Minnesota, found 
a good correlation betiveen the return per hour of labor and the pro- 
duction level of the cows milked After deducting all expenses and credit- 
ing all income, he found the returns for labor varied from 7 cents to 77 
cents per hour 

Attention is called to the fact that more labor is required to produce 
milk for the market than to produce butterfat as cream More time is re 
quired for the care of milk than for the separation, the extra precautions 
that must be taken in producing high quality market milk requires more 
labor than does the production of cream to be sold as butterfat 

Gist of the herd sire The cost of keeping the herd sire is a consider 
able Item of expense Figures for this are given m Chapter 25 The cost of 
keeping the herd sire is subject to the same variations due to the same 
causes as the cost of maintaining milking cons It is obvious that the sire 
cost per cow or per 100 pounds of milk decreases with increased herd 
size 

Interest on investment and depreciation Two charges that must be 
made if actual costs of milk production are to be determined are interest 
on the investment and depreciation Dairy farming requires rather large 
investments m building, yards, equipment, and cattle, for which the 
going rate of interest and a fair depreciation should be charged The 
charges to be made for these items per cow or per unit of milk depend 
upon the amount of the investment for the interest charge, and the type 
of buildings, equipment, and cattle for depreciation charges 

Buildings and yards The annual charges against the dairy for build- 
ings include interest, depreciation and repairs, and insurance and taxes 
The annual charge per cow for these items vary from as low as $1 00 when 
cheap sheds are used, up to more than $50 00 per cow, when expensive 
barns are used A fair average investment in buildings is between $60 00 
and $100 00 per cow in market milk producing areas of the North, and 
from $40 00 to $75 00 in butter producing areas The interest amounts to 
about one half of the total annual building charges 


>Dow Me Agr Expt Sta Bui 385 1936 
>Cavert Minn Agr Expt. Sla Spec Bui 112 1926 
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Equipment Equipment, which consists of such items as dnnking cups, 
salt cups, litter carriers, milking machines, cans, pails, milk cooling equip- 
ment, washing equipment, etc , carries the same interest charges as build- 
ings do, but the depreciation and repair charges are greater, they usually 
average about 10 per cent annually The charges per cow for these items 
vary with the size of the herd and the amount of equipment used In 
Maine where cows were milked by hand the annual charge ivas 68 cents 
per cow, when milking machines were used, the charge per cow was $2 63 
The cows Since coins are introduced into the milking herd either when 
they are purchased or when they are raised on the farm, they should be 
inventoried at cost Annual interest charges should be based upon the 
inventory values Cows are sold from the herd as beef when their useful- 
ness is over, and as surplus stock for milk production in some other herd 
In addition, 1 to 2 per cent of the cows die while in the herd Cous sold 
for beef as a rule bnng less than costs, this, together with losses from 
death, constitutes depreciation It is difficult to establish actual deprecia- 
tion for any one year as market values of animals sold for beef vary 
greatly from year to year 

While the interest charges vary proportionately with the inventory 
value of cows, the depreciation charges increase more rapidly with in- 
creases in the original cost of cows There is but little relationship between 
the original cost of a dairy cow and the sales value for beef This is particu- 
larly true of purebred cows, where the original price bears no relationship 
to the beef values 

The most recent reports show an annual depreciation per cow in one 
area of $9 75, or 13 per cent of the average value per cow In another area 
the average depreciation was 52 81, or 5 per cent of the average value per 
cow In another comparison of grades and purebreds the depreciations 
were 55 00 and 511 00 respectively The annual depreciation for purebred 
cows may be very high A cow costing $500 may be sold for 550, after 
being in the herd for five years, since five years is the average productive 
life of a cow, this cow would carry an annual depreciation of 590 

Miscellaneous costs In addition to the cost items previously discussed 
there arc a number of miscellaneous expenses, such as the costs of water, 
light, power, bedding, insurance, taxes on the cattle, testing, veterinary 
services, and various supplies The costs of these items vary from a 
dollars to 515 per cow l^presentative figures would run from 55 to 510 
per cow 

Credits other than milk and butterfat After deducting all the items 
of expense that have been mentioned, there are certain credits that must be 
made before the cost of cither milk or butterfat can be ascertained 
Manure, calves, hides from cows that die, and, when butterfat is sold, 
skim milk arc items that have values From eight to twelve tons of manure 
and about 9 calf can be expected from each cow annually Under normal 
price conditions these will have values of from 520 to 525 \Vhen butterfat 
is sold, the skim milk has feed value ranging from 15 cents to 30 cents 
per 100 pounds 
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Cost of milk production formulas A number of formulas have been 
advanced that express the requirements for producing 100 pounds of milk 
in terms of feed and labor, together with a correction factor in some cases 
The requirements of these formulas were arrived at from survey studies 
of the cost of producmg milk and represent average figures They do not, 
therefore, apply necessarily to any one herd Low producmg herds will 
find larger and high producing herds smaller requirements than those 
expressed in these formulas The proportion of concentrates to roughages 
IS also subject to great variation In some cases hay only is fed, in others 
most of the nutrients come from concentrates 

The two most commonly used formulas are Warren’s and Pearson’s 
Warren’s ^ formula for the requirements to produce 100 pounds of milk 
IS as follows 

Concentrates 
Hay 

Other roughage 
Silage 
Labor 

Add 25 per cent for overhead 

By applying the prevailing prices for the various items the cost of pro- 
ducing 100 pounds of milk may be ascertained by this formula 
Pearson’s formula is as follows * 


Concentrates 

44 0 pounds 

Hay 

50 0 pounds 

Other roughage 

39 0 pounds 

Silage 

188 0 pounds 

Labor 

2 42 hours 


Attention is called to the wide differences in the requirements of these 
two formulas The Pearson formula requires more of each of the feeds and 
less labor To compensate for the higher feed requirements of the Pearson 
formula no correction factor for overhead is used 

Seasonal variation in cost of milk production The cost of producmg 
milk varies with the use of pasture The variations m the cost of producing 
100 pounds of milk are illustrated in the table above, taken from studies in 
Illmois * For June the cost of milk production is only 55 3 per cent as 
high as for December With the decline in the amount of pasture the cost 
increases because of loisered milk production and increased use of pasture 
supplements 

The chief reason for low cost of ijulk production during the spnng, 
summer, and early fall is the much lower cost of feed ivhen secured from 
pasture Other costs are essentially the same for all months of the year 


1 Warren Cornell Aqr Expt Sta Farm Ecoa BuL 42 t927 
* Pearson 111 Agr Ejcpt Sta. Bui 216 
» Pearson III Agr Expe Sta. Bui 224 1919 


33 8 pounds 
43 3 pounds 
10 8 pounds 
100 5 pounds 
3 0 hours 
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Seasonal Variation m the Cost or Producing 100 
POUKDS or ^IlLE 


Monlh 

Cost 

Per Cent of Hish 
Slontb 

lso\ ember 

$2 01 

966 

December 

2 OS 

100 0 

January 

200 

961 

February 

208 

100 0 

IMarch 

193 

92 8 

April 

176 

842 

May 

1 26 

606 

June 

1 15 

55 3 

July 

136 

654 

August 

1 66 

79 8 

September 

1 66 

79 8 

October 

1 54 

740 

Average 

173 

832 


except labor Indiana studies revealed labor requirements for the summer 
as being about 20 per cent less than for the \sinter ' 

Other considerations. While it is important to ascertain the cost of 
producing milk (and every effort should be put forth to reduce costs) a 
low margin of income over cost docs not necessarily mean that the dairy 
enterprise is undesirable When family labor is available and would not 
oihcrviisc be used, the dairy permits additional farm income even though 
It be at low wages 

Dairy cattle also make use of crops that arc not marketable or would be 
be marketed at lower pnccs than can be realized if fed Careful thought 
should be given to growing the highest yielding crops that can be utilized 
by the dairy cattle and the formulation of the most economical rations 
based upon th e use of homegrown feeds 
‘ Bain AND PossoN V S Dcpl Agr Bui 858 1920 
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COMMON DISEASES OF 
DAIRY COWS 


Disease is the cause of extensive losses to dairymen through the 
cost of treatment, the loss m milk production, and the loss of the cows 
through death or sale for slaughter because of impaired producing capaci- 
ties While extensive figures giving the losses from disease are not available, 
the figures from the Iowa Cow Testing Associations for 1935 and 1936 
are probably representative ^ These figures show that 9 6 per cent for 
1935 and 9 7 per cent for 1936 ©fall milking cows m the Associations were 
sold because of udder trouble, sterility, Bang’s disease, and tuberculosis 
In 1935, these diseases accounted for 27 per cent and in 1936 for 31 per 
cent of all cows sold from these herds The losses from other diseases and 
from loxNered milk production of diseased cows retained in the herd are 
unknown, but without question they are extensive 

It IS not intended that this discussion shall give instructions for the 
treatment of diseases of cattle Because of the importance of disease in the 
management of dairy cattle, it i$ desired to emphasize the importance of 
maintaining a healthy herd, and to bncfly discuss the more important 
diseases The successful treatment of disease is a highly specialized science, 
and the services of competent vetennanans must be used in the develop- 
ment of disease symptoms if satisfactory results are to be expected Too 
frequently, the services of a vetennanan are not called for until the disease 
has advanced too far for successful treatment 

The douses repTodwedow, wdder wwdvdonal de- 

ficiencies, food poisons, and common ailments of calves have been dis- 
cussed elsewhere in this book At this juncture the general factors involved 
in disease prevention and control will be considered, and other important 
diseases and ailments that are common to dairy cattle will be discussed 

General factors m the prevention and control of diseases The most 
important consideration in disease control is that of prevention After the 
onset of disease, problems of control and therap> arise which usually call 
for the services of experts 

In the prevention of disease there are three important factors that are 
under the control of the herd management These are (1) general herd 
sanitation, (2) nutritional status of the herd, and (3) the health of animals 
brought into the herd 

Cleanliness and sunlight arc enemies of disease organisms, while dirty, 
damp, and dark places are conducive to the preservation and dev elopment 
of microorganisms m general The first requisites for the maintenance of 

‘ Vearl) Summary of Cow TesUng ^Usoaaooni in Iowa 1936 
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a discase*free herd are clean, dry, weii-Iighted quarters Cleanliness must 
not be confined to the bam, it must be extended to the yards, pastures, 
and any other places where cows arc kept Good drainage to prevent mud 
formation and stagnant pools is just as essential as clean bams It is also 
essential that the litter pile be inaccessible to the cattle, as organisms from 
infected animals, which usually contaminate the fecal matter, may surviv c 
for long periods of time 

While many infectious diseases attack cattle regardless of the state of 
nutrition, a well nourished animal offers greater resistance to infection 
from many diseases It has previously been shown that certain vitamin de- 
ficiencies increase the susceptibility to infections The well nounshed 
animal has greater reserve and may suffer less and recover sooner from 
disease than animals in a poorer state of nutrition 

From time to time it is necessary to bnng new animals mto the herd, 
this also entails the danger of mtroducing disease Before animals are 
purchased and introduced into a herd, they should not only be free from 
symptoms of disease and negative to the various tests, but special effort 
should be made to have them come from herds ^^hlch are free from 
disease Further precaution should be taken against mtroducmg disease 
by isolating newly acquired animals from the rest of the herd for a period 
of at least 30 days 

After disease has gamed entrance mto a herd, the manager must take 
special sanitary precautions to prevent frirther spreadmg At the first sign 
of any disease symptoms in an animal, it should be isolated from the rest 
of the herd Every precaution should be taken against commumcation 
between infected and healthy animab, whether direct or mdirect — 
through attendants and from small animals The liberal use of disinfectants 
IS essential In the case of certam diseases, infected animals should be 
eliminated from the herd and the premises thoroughly disinfected before 
healthy animals are allowed entry 

Treatment of sick animals, as has been previously stated, should be left 
to the direction of a skilled vetennanan 

Continued testing for tuberculosis and Bang’s disease is essential to 
maintain a herd free from these two devastatmg 

The medicine cabinet Every dairy bam should have a medicme cabmet 
equipped with the following items 


Climcal thermometer 
Drenching bottle 
Set of milk tubes 
Set of teat plugs 
S>Tingc(50cc hypodermic type 
IS best) 

Trocar 


Cannula 

Mineral oil or Epsom salts 

Tincture of iodine 

Medicated vaseline 

Concentrated hypochloride solution 

Calcium gluconate 

Lysol 


Additional space should be available for medicines that the vcicnnanan 
may prescribe Extensue stocking of medicines is not to be advised as 
many deteriorate with age Also, the presence of many medicines m the 
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cabinet is frequently a temptation to use them, and to use them without 
skilled advice may do more harm than good 

Giving ph}sics When an animal loses its appetite for various reasons or 
becomes “bound” the admimstraiion of a ph>sic is advised Either a 
pint of mineral oil or one to one and onc-half pounds of Epsom salts m two 
quarts of water may be used In cither case a drenching bottle should be 
used In drenching an animal the liquid should be permuted to flow into 
the gullet by gravity Place the mouth of the long-necked drenching bottle 
halfway back m the mouth and on the center of the tongue Let the liquid 
run out slowly, stopping frequently to permit swallowing If the animal 
coughs, remove the bottle and lower the head to prevent fluid from getting 
into the lungs If the latter should happen, it may be the cause of pneu- 
monia 

Brucellosis. Brucellosis, also known as contagious abortion and Bang’s 
disease, after the name of the discoverer of the causative organism, is the 
cause of greater financial loss to the dairy farmer than any other disease 
except mastitis It is caused by a bacterium known as Brucella abortus The 
disease is found all over the world and isofexircmc importance because of 
the losses incurred by abortions and the fact that the organism will produce 
a senous disease m man 

In addition to the loss of calves, heavy losses are incurred through the 
greatly lowered production of aborting cows Sterility, weakened condi- 
tion of calves, and mastitis are often associated with brucellosis Rich 
found that aborting cows produced 21 7 per cent less and heifers 16 5 per 
cent less than normal for the lactation m which they aborted ^ The stage 
of gestation at which abortion occurred was found to be an important 
factor in the effect upon production If abortion occurs in the first three 
months of gestation, milk production is reduced 37 2 per cent, in the 
seventh month, 12 4 per cent, and m the ninth month, 10 4 per cent 
Aborting cows have a lower breeding efficiency In the Minnesota 
Station herd over a period of 30 years cows that aborted were only 75 per 
cent as efficient breeders as were nonaborting cows In another herd the 
figure IS 87 per cent Eckles * reported aborting cows as becoming sterile 
16 per cent more frequently than nonaborting cows 

One of the most serious aspects of brucellosis in cattle is that humans 
are subject to contracting the disease , it is known as brucellosis or undulant 
fever Brucellosis in man may be a senous debilitating disease that is 
resistant to treatment The disease may be contracted from the consump- 
tion of dairy products contaminated with the Brucella abortus organisms 
The greatest source of infection, however, is from direct contact with the 
infected animals More serious forms of human brucellosis come from the 
swine type {Brucella suis) and the goat type {Brucella melletensis) Pasteuri- 
zation of the milk kills the organisms 

Sj^mptoms The chief symptom of brucellosis is the expulsion of the 
fetus before tim e, although not all infected cows do abort The abortion 

‘ Rich Cornell Vetennanan 21 15-24 1931 
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may occur dunng any stage of the gestation, but most abortions occur 
durmg the seventh and eighth months of gestation Rich reports that more 
than 62 per cent of all abortions occur dunng these t\\ o months Except in 
rare cases, cows once infected with brucellosis remain infected The num- 
ber of limes cows abort vanes Rich found 78 6 per cent aborted but once, 
19 7 per cent twice, and 8 3 per cent three or more times Fitch and co- 
workers report one cow as having aborted six times and calved normally 
but once FolJoiving abortion, discharges from the genital tract are com- 
mon 

The organism gams entrance into the system through the mouth Many 
different parts of the body may become irdected, but the uterus is the most 
commonly infected dunng pregnancy Big knees of cows may be caused 
by Brucella abortus, and the udder is frequently affected when the milk 
becomes contaminated with the organism 

Tests Infected animals may be detected by a bactenological examina- 
tion of the aborted fetus milk, afterbirth, or vaginal discharges, or by the 
agglutination test of the blood The latter is the more reliable, as many 
infected cows do not abort Agglutination tests are reported as posiuve, 
negative, or suspicious 

The disease is spread directly or indirectly by discharges from the 
genital tract of infected animak or by milk from an infected udder The 
discharge may be licked by the nonmfected ammals or may contaminate 
the feed or pasture grass later eaten The fecal matter from animals having 
ingested the organisms, such as calves that have drunk infected milk* 
usually contains the organisms and may be a source of infection Any 
place an infected animal has been— -such as trucks, railroad cars, pastures, 
or barns— is likely to be contaminated with the germs, and is a 

possible source of infection for noninTccted animals 

Treatment and control There is no known cure for brucellosis An animal 
once infected, even though she docs not abort, carries and eliminates the 
organisms and becomes a dangerous spreader This also is true for infected 
bulls. Although infection is not known lo be transmitted directly to cows 
from the services of infected bulls, the organism from the infectrf bulls is 
spread m other ways The commonly accepted plan is to eliminate all 
positive animals from the herd A comprehensive plan for elimination of 
brucellosis from herds is av ailable By entering into an agreement with the 
United States Department of Agriculture, Bureau of /\nimal Industry, lO 
co-operation with the vanous states, tests will be made penodicaJJy without 
cost to the owner, and a certificate of Accredited Brucellosis free Herd 
w ill be issued when the conduions specified by the v anous slates as requu^" 
mcnis for such a certificate have been met The owner must agree to 
dispose of all infected animab and to accept the appraisals made of such 
infected animals 

Many counties in vanous states arc now designated as modified ac- 
credited areas as the result of area testing and slaughter of reactors Hov» - 
ever, « seems lo be more difficult to eliminate brucclJosis from herds than 
It was to get nd of lubcrculosis 



COmiON DISEASES OF DAIRY COWS 


413 


Several plans are suggested for consideration m attempts to eliminate 
brucellosis from the herds These are as follows 

Plan 1 IS Known as the test and slaughter plan All animals are tested 
and reactors are slaughtered This plan requires the shortest time m 
elimination of the disease, is compulsory in areas under accreditation, and 
may work a hardship on individuals where a large proportion of the milk 
producers react The test and slaughter may or may not be earned on 
together with calf vaccination 

Plan 2 provides for tesimg and vaccinating the calves, preferably at 
SIX to eight months of age, with stram 19 vaccine The reactors are tem- 
porariI> retained for production purposes or until such time that negative 
young stock will have grown into replacements for reactors 

Plan 3 involves calf vaccination without testing, continued until vacci- 
nated animals have largely replaced the nonvacemated ones 

Plan 4 provides for the vaccmation of adults wath strain 19 This plan 
should be used as a last resort and only in herds with an unusually high 
mcidence of mfecuon Special permits for adult vaccination is required in 
many states Animals vaccinated when mature retain positive reaction and 
cannot be told from those that are actively infected 

Tuberculosis At one time tuberculosis was one of the most extensive 
diseases among cattle Through the efforts of the Federal Government in 
co-operation with the several stales and owners of cattle, the disease is 
now under control In 1940 all counties in the United States had been 
designated as modified accredited areas with less than one-half of one per 
cent infection Tuberculosis in cattle is of special concern to the public 
because human bemgs may contract the disease from infected cattle, 
particularly through the milk Tuberculosis is due to the bacterium, 
Tubercle bacillus^ which is a microscopic, rod-shaped organism 
Symptoms Tuberculosis is, as a rule, a slow developing disease, there- 
fore, very few infected animals vviii manifest any symptoms In extreme 
stages the disease may cause death, but this seldom occurs Although any 
part of the body may be affected, the lungs and lymph glands are the 
favorite places of attack Tubercular lesions, however, are very common 
in the heart, udder, liver, and other internal organs The disease gets its 
name from the character of the early lesions, or tubercles In the early 
stages the tubercles are small chceselike nodules that, when cut through, 
yield a gritty sensation In later stages the whole infected organ may be- 
come a solid mass of yellowish gray cheesy material 

How the disease spreads Ammals contract die disease from inhaling the 
germs or through the mouth Infected ammals may eliminate the germs 
in vanous ways Infections of the respiratory tract ivill cause contami- 
nation of the air through respiration Germs from the respiratory tract 
infection may also be elimmaied m mucous discharge into the mangers or 
on grass and other places to be picked up by other ammals The infected 
mucous may be swallowed to contaminate the fecal matter Any lesions 
along the alimentary tract will also cause the fecal matter to be contami- 
nated Infections of the mammary gland contaminate the milk, and the 
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The disease germs are eliminated in the feces of infected animals, 
through which the disease spreads to other members of the herd 

Control The disease is detected from laboratory examination of the 
intestines of dead animals and by the use of Johmn injected intravenously 
or mtradermally \Vhen infection gams entrance into a herd, it may be 
eliminated only through the most rigorous measures involvmg frequent 
testmg, elimination of positive reactors, and the disinfecting and cleaning 
of the premises where infected animals have been kept There is the same 
government indemnity for Johne’s disease reactors as for tuberculosis 
reactors 

Hemorrhagic Septicemia. Hemorrhagic Septicemia, is believed by 
some to be caused by the PasUurella bovtsepltcus It is highly infectious 
and IS found in all parts of the country \Vhile ammals of all ages are 
susceptible, young stock are more often infected The disease is also known 
as stockyards fever or shipping fever Since many other diseases produce 
similar symptoms, proper diagnosis requires the services of a veterinarian 
Sjmpioms As the name implies, the disease is a blood poison, and as is 
characteristic of blood poison, it runs a rapid course Either death or 
recovery occurs in seven to ten da>s The temperature increases to 105® or 
higher, and is accompanied by complete loss of appeuie and great weak- 
ness The lungs are frequently affected, as is evidenced by difficult breath- 
ing and coughing This disease usually terminates m pneumonia and 
death Post mortem examination reveals characteristic pm pomt hemor- 
rhages on the heart and other mtemal organs 

Anunals vseakened because of poor nutrition or from travelmg in rail- 
road cars or trucks are most suscepublc 

Treatment and control Hemorrhagic Septicemia is treated m two wa>s 
Bactenn is often administered to susceptible animals with the object of 
developmg immumty and antiserum may be administered to the sick 
ammals with the view of neutrafizing the toxins Cattle to be shipped or 
sold m public sales should be treated with the bacterm at least ten days 
before shipment or sale Even this will not produce complete immumty 
Antisera administration to sick animals has been only partially successful 
Keeping the sick animal warm and comfortable and inducmg it to drink 
water and eat are important factors in treatment 

In addition to immunization with bacienns of the susceptible members 
of the herd, complete isolation of affected individuals is essential to prevent 
the spread of the disease 

Trichomonad disease ^ This disease is caused by a protozoan organism 
(the trichomonad) affecting the genital organs of both the male and fe- 
male It was first described in this country in 1932, since that time it has 
been reported m widely scattered areas, and apparently is on the increase 

Symptoms Symptoms of trichomonad infection arc not too well known 
as yet Usually, shortly after infection, there is a swollen condition of the 
external genitalia of both the male and female, this is followed by a 
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discharge These symptoms may persist or may subside Only a laboratory 
examination ^vill enable positive diagnosis Infected females become either 
temporarily or permanently stenle Pregnant females may abort, the 
expelled fetus may be normal, or it may be differentiated from other types 
of abortions by its disintegrated appearance Frequently abortion does 
not place The dead fetus may be retained, causing an inflammation 
of the uterus or an abscess I'khich continues to grow in size and give the 
external appearance of a normal pregnancy When calving does not occur 
at the normal time, an inspection will reve^ the uterus filled with a liquid 
The disease is usually transmitted from an infected bull to the female 
at the time of service The bull becomes infected from serving infected 


cows 

Treatment and control Little is known as to how to control the disease 
From the nature of its dissemination, it is apparent that infected bulls 
should not be used, and to prevent the bull from getting infected, he 
must not be permitted to serve infected cows Artificial insemination of 
infected coivs may be a solution to the problem 

Actinomycosis (lumpy jaw) Actinom) costs is an infectxous disease 
caused by a fungus like organism Actmom_}ces bovis Similar lesions arc 
produced by other organisms producing pus and, consequently, often 
diagnosed as actinomycosis AcUnobactllus Ugnures produces lesions so like 
those of AcUnomyes boiis that they can be told apart only by detailed 
laboratory examinations 

Symptom: The typical case of actinomycosis is characterized by a 
lump on the lower jaw The lump gradually grows until it may become 
the size of a man’s head When the swelJmg becomes large, it opens to 
discharge a pus which contains the organisms and which becomes a 
dangerous source for spread of the disease The swelling is usually hard 
and attached to the jawbone, which may be greatly eroded from the 
effects of the disease Other parts of the body may be attacked, including 
the soft tissues, an attack of the tongue known as wooden tongue is the 
most common Positive diagnosis of actinomycosis may be made from an 
examination of the pus discharge Passing a knife through the pus wiU 
reveal a gntty substance, which if examined under a hand lens ivill reveal 
ray structured bodies The oi^amsms gam entrance through the inside of 
the mouth from the food eaten 

Treatment Doses of one and one half drams of potassium iodide daily 
until the animal suffers from iodine poisoning is the most effective treat- 
ment lodme poisoning is manifested by a dry, scaly condition of the skm 
accompanied by weakness and loss of appetite When these sympto"^ 
appear, the iodine treatment is discontinued for a few days Removal o 


the swelling by surgery is seldom to be advised 

Milking cows will practically dry-off during the iodine treatment As 
iodine IS secreted in the milk, the milk produced during treatment is not 


fit for use 


Pink eye Pinkeye, or contagious sore eyes, is a very contagious disc^ 

affecting cattle of all ages Unless preventive measures arc taken imme * 
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ately upon the appearance of the first case, the disease usually spreads 
rapidly throughout the entire herd 

Symptoms Pink eye is an inflammation of the eye membranes that 
causes a reddening of the eye accompanied by a watery discharge and a 
swelling of the eyelids The eyes become painful and extremely sensitive 
to strong light Usually a slight fever accompanies the disease In some 
cases permanent blindness may occur Desire for feed decreases and milk 
production drops materially with infected milking cows 

The disease is spread by contact between infected animals and healthy 
ones, and by flies 

Treatment The first essential is the removal of the infected animals 
from the healthy ones The eyes should be washed with a saturated solu- 
tion of bone acid to relieve irritation A few drops of a 10 per cent argyrol 
solution may be placed in the eyes daily by means of a medicine dropper 
Infected animals should be kept m a dark place protected from flies 
Foot rot. Foot rot, or foul-m-the foot, as it is sometimes called, is an 
infection of the foot that causes great pain to the affected animal The 
infection is due to pus forming organisms that gam entrance through 
injured skin benveen the toes Anything that causes imtation to the skm 
between the toes or around the hoof is a predisposing factor for the disease 
Muddy ytirds or dirty pens not only by impaction of material between the 
hoofs cause imtauon of the skin, but also constitute excellent places for 
harboring the pus'producmg organisms The disease is seldom found in 
cattle kept m dry, clean yards, barns, or pastures 
Symptoms The first symptom is lameness One foot or more may be 
infected On examination the ankle \vill be found to be swollen and hot, 
and the mteguments between the toes inflamed and decaying, giving off 
a foul odor At first the decay is confined to the surface, but if it is not 
properly treated, it will form deep abscesses that will spread under the 
horny wall of the hoof In exttetae eases the hoof may slough off Due to 
the pam animals lose their appetites and the milk flow is greatly reduced 
Treatment Infected as well as healthy animals should be removed to 
clean, dry places For the infected animals this is essential to facilitate 
healing, and for the healthy animals it is the best precaution against 
infection If the infection is treated in the early stages, thoroughly cleans- 
ing the hoof with soap and water, scraping away the infected crusts, and 
applying a good disinfectant, such as one of the I>soIs, is all that is neces- 
sary If the disease is advanced, the services of a veterinarian are required 
Cowpox Cowpox IS caused by a virus, vacinnia, which affects the skm 
of the udder, teats, and soraeiimes the inside of the thighs and belly It 
affects horses and man, producing immunity to smallpox m the latter The 
disease is spread by contact only The disease causes annoyance m milking 
because of the attending soreness and is predisposing to mastitis because of 
bacteria entering the sores resulting from the broken pustules 

Sjrnptorns Cowpox at first produces a slight fever, this is followed by 
a reddening of the skin, increased warmth to the touch, and soreness In 
about two dajs peahke podulcs of a reddish color appear which grow m 
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legumes for pastures because of the fear of losses from this cause. Other 
feed stuffs also may cause bloat. Heavy feedings of grain, particularly corn 
and very early cut legume hays, especially if frosted before cutting, may 
cause bloat as readily as pasturing immature legumes. 

Symptoms. The symptoms of bloat are easily recognizable in its various 
stages. The first sign is a great distention of the upper left side of the 
abdomen, giving a lop-sided appearance to the animal. The animal be- 
comes uneasy, and the respiration rate increases and becomes short‘and 
^erky. If relief is not given to the animal it will first stagger, then fall, and 
finally die from suffocation. The gas pressure in the rumen becomes great 
enough to prevent lung action. 

Treatment. In cases \vhere the gas pressure has not become too great, 
the gas may be released by merely walking the animal. In some cases, the 
gas pressure may be released through inducing belching by placing in 
the mouth a stick or rope that has been coated with some unsavory 
substance, such as pine tar or turpentine. 

In some cases, the gas pressure is so great that it must be removed at 
once, and a puncture of the rumen becomes necessary. For this the trocar 
and cannula are employed, although in emergencies any knife may be 
used. If the animal has bloated sufficiently that a puncture is necessary, 
the anatomical landmarks have been obliterated and judgment must be 
exercised as to the point for puncture. The spot for the puncture should be 
in the center of the triangle formed by the last rib, the hipbone, and the 
transverse processes of the backbone. The trocar should be directed toward 
the middle of the abdomen by a sharp thrust. The cannula should be 
left in the wound until no more gas escapes, and then removed. 

Recent experiments have shown that if sufficiently coarse prickly materi- 
als arc present in the rumen before the bloat producing feed is consumed 
or taken with it, bloat may be prevented. Straws or coarse hays, if fed 
before animaU are pastured on legumes, will n^e such pasturing safe. 
Mixtures of brome grass or wheat grass with alfalfa like^vise will prevent 
bloat. The theory is that these materials are of a prickly nature and will 
stimulate rumen action and eructation. 

Mastitis. The term mastitis is derived from the Greek word mastost 
meaning breast, with the suffix -ilis denoting inflammation. It therefore 
means inflammation of the mammary gland. Mastitis is the most serious 
disease problem confronting the daityrocn. The actual loss from this db' 
case is not known, varying from very small losses in some herds to virtually 
complete loss in other herds. The losses from attacks of mastitis include a 
decreased production from the destruction of mammary gland tissue and, 
in severe cases, from the systemic effect on the cow, loss of abnormal milk 
unfit for market, death of cows in certain types of attacks, the cost of treat- 
ment, and in additional labor and trouble involved in caring for infected 
animals. 

Symptoms. No disease has a greater variation in symptomatology than 
docs mastitis. Usually only one quarter is involved at a time but two or 
more quaricn may show the symptoms. In some cases the attack may be so 
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Fig 94 Microscopic oppeoronce of moslitis milk caused by streptoco^* 
ogaloctioe Bacteria appear as chains end leucocytes os lorge dork bodies. 


mild that It caa be detected onl> b> special laborator> tests Sometimes the 
attacks become so sesere that the animhl is acutely dl, exhibiting a gi^ y 
elevated temperature and increased respiration, while refusmg food an 
dnnk Many of these animals m spite of the best modem treatment w 
not survive 

Some types of mastitis are characterized by a periodic flare up m " hic 
the involved quarter or quarters may become swollen, the disease can 
then be detected by the clots in the inilk There may be spontaneous m 
covery from this phase, but recurrences — ^with each successive attack 
coming more severe — arc not unlikely In other cases the first attack is so 
acute that milk production stops completely In some cases such a quaver 
wall recover to nearly normal followang the next freshemng lo ot 
cases the quarter is permancntl> lost Certam types of mastitis may 
the involved quarter to slough off Staphlococci and coloform types 
infections very often are responsible for this most acute type of 
Most generally after an acute attack of mastitis, regardless of 
response to treatment, there is permanent damage to the gland, m ^ ' 
scar tissue replaces normal tissue This scar tissue may be detected 
udder palpation It is evident after mastitis has occurred 

Causes \STulc a few cases of mastitis may be physiological, di at 
caused by systemic upsets without the presence of pathogens the 
majority of cases of mastitis reveal microorganisms associated witn 
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Fig. 95. Appearance of the inside of a normal teat. It t$ lined with a thin 
membrane free of growths with the blood vessels showing through. 


disease. The most common organism associated with mastitis is known as 
Streptococcus agalactiat. Ho\%cver, many other organisms produce the dis- 
ease, including those that are found at all times about the cow, the yards, 
and the pastures. Among the organisms causing the most severe attacks 
of mastitis <ire various staphlococci and coloform types. Mold and virus 
have also been reported as causative agents in ntastitis. 

The fact that microorganisms capable of producing mastitis are found 
about the cows at all times, indicates that other factors than the presence of 
the disease-producing organisms arc necessary to produce mastitis. These 
may be classified as predisposing factors. Among them are ail of those 
factors that tend to produce injury to die teat or udder. It has long been 
recognized by dairymen that whenever a teat or an udder is severly 
injured, such injury is usually followed by an acute case of mastitis. What 
has not been so generally recognized is Aat the relatively delicate lining 
on the inside of the teat and the udder may be injured in various waj'S that 
will facilitate the entrance of any organism that may be present and >el 
which cannot be detected by the most skilled operator. Breaks in the 
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Fig 96 The inide of a teat with extensive fibrous growths resulting fro*" 
leaving the milking machine on too long 


lining of the teat commonly occur from too rough milkmg either by han 
or by mechanical milkers Diggmg m with the finger tips and over vigor^ 
ous stripping has been shoisn to cause breaks in the lining of the inside o 
the teat Leaving the milking machine in operation too long also has tnc 
same effect ^Vhen milk docs not flow out though the teat meatus, nega 
tive pressure enters the teat, with damaging results The mechamc 
milker, when left m operation too long will cause injury particularly to 
the accessory glands luung the upper inner walls of the teat Acute masotis 
has been found m these accessory glands when the rest of the quarter was 
still normal Too short and too narrow stall platforms \ery often 
self inflicted teat and udder injury High door sills, particularly with a 
muddy condition outside, often cause great damage to the udder, ^ 

in a high mcidence of mastitis Brush and brambles, wire, and other de 
left in ^ards, lanes, or pastures can and often does cause mjunes to 
teats and the udders that finally results in mastitis It has also been show 
that cold, wet, stall platforms arc predisposmg to mastitis In additio^ 
it has been shown that failure to evacuate all of the milk at a milking * 
predisposmg to mastitic flare ups This is particular!) true with cows 
have chrome mastitis 

Diagnosis In acute mastitis the inflamed quarter and abnormal 
is positiv e evidence Vif the presence of mastitis How e% er, smee much o 
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Fig. 97. A microscopic seciiorr through on occessory glond 5n the upper teat 
sinus wall that is attacked by mastitis. The olveoli are filled with moteriols 
containing large numbers of leucocytes. The gland may still be normal. 


mastitis begins as a subacute form, it is highiy desirable that it be then 
detected and that proper steps be taken in treatment and handling so as 
to prevent the possible spread of the disease. Much of this subacute mastitis 
can only be detected by special laboratory tests requiring special equip- 
ment and skills. There arc, houever, several tests that may be applied 
routinely by the dairymen that \NiU help to detect most cases early and in 
that way make it possible to prevent, insofar as possible, the spread of the 
disease. The test that may be used by the dairymen are strip cup, bromc- 
Ihymol-blue, Whiteside, and palpation. 

Use of strip cup: Generally, mastitis produces clots of varying sizes 
which can be detected by the proper use of a strip cup. The first two 
streams from each quarter should be expressed into a strip cup and care- 
fully obscn.ed for the presence of clots or abnormal consistencies — such 
as a watery appearance. In mechanical milking, use of the strip cup helps 
in opening up the meatus of the teat so that the rate of milk extraction w iH 
be at the maximum at the very beginning of action. The presence of clots 
should always be viewed with suspicion of mastitis. Small fine clots in the 
first stream or two, however, need not n^essarily be indicative of mastitis. 
The cause of these small clots in the first stream or two, without mastitis 
being present, is not known, but cows have been observed to shed these 
periodically without ever having developed acute mastitis. 
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Brome-thymol blue test Reaction to the brome-thymoWluc ^ 
dependent I^on the change it induces in the milk 
bcMmcs more alkaline Almost without exception in the case of mast 
the miS STanges from its normal pH of 6 5 toward a more alkaline con- 
dition, due to the diffusion of sodium bicarbonate into the ‘ 

blood stream There are, however, other conditions that will “ 

alkaline reaction, thus great care must exercised ■" 
cow because she reacts positively to the bromc-thymol-blue tot In an 
cases colostrum will react positively, as will also the milk of late lactatio 
The brome thymol-blue test can be conducted in two wa^ 
half cc of brome-thymol blue solution is placed m a tot tute and 
of milk added If the color changes toward a blue green, the tcact o 
positive Another and simpler method is what is known as the blot er 
test A drop of brome thymol blue solution is placed on a “otter lor 
each quarter and a few drops of milk are expressed on ‘“s spot an 
watched for color changes Sometimes m poorly ventilated ^arm 
ammonia content of the air may be sufficiently high to cause color c g 
Whiteside test The Whiteside test is dependent also upon a^no^a 
milk to produce reaction It is roughly correlated with the 
content of the milk Like the brome-thymol blue test u is not infaiume 
In some cases of mastitis it wUI not react positively and m other cases i 
will give false positives It is, however, simply conducted, is ’ 

and of value in detecting early mastitis when good judgment is used in 
interpretation of the results To conduct this test, place on a glass a 
solution of 4 per cent of sodium hydroxide and employ some stwp 
instrument for stirring— such as a toothpick Five drops of milk P^®^ 
upon a glass plate, one drop of the sodium hydroxide solution is added y 
means of a medicine dropper, and the mixture is stirred for about 
seconds Normal milk will give a homogeneous mixture following 
Clumps of varymg sizes will result with decreasing leucocyte content o 
milk The microphotographs in Figure 98 present the different reactio 
that are obtainable by the proper use of the \Vhitcsidc test ruy.„ff 

Palpation One of the most useful skills of the milker is that of * S 
able to detect slight changes in the feel of the udder Any time that 
udder or a quarter thereof has become slightly congested or nodules c 
be detected therein, mastitis infection should be suspected Few 
however, are able to develop the skill of palpation sufficiently to be a 
to detect abnormalities early enough ^ 

The tests for mastitis that can be earned on at the farm are not, as 
been pointed out, infallible and do not give any indication as to the 

of organism that may be involved More accurate laboratory tests toge 

with skilled bacteriological exammations are necessary for a comp 
diagnosis of mastitis To carry on the bacteriological examination it 
importance that the samples arc taken asccptically This will require 
the samples be taken by one who has had actual training m 
properly The followmg are some of the more commonly used labora 
tests for the diagnosis of mastitis 
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Fig. 98. Different reactions to the Whiteside test. In addition to the above 
five classes a class can also be established which has but very few small clots. 


The Hoiis test : The Hotis test consists of incubating a sample of milk 
with a dye, bromcresol purple, for 20 hours at 37* C. The bromcresol 
purple is made up at the rate of 1^2 gm. of the dye to 100 cc. of distilled 
waiec. Half a. cc. of rMs saUudoa is placed in a tubc> preferably with a 
screw cap, of a capacity of 12 to 15 cc. The tube and its contents arc steri- 
lized in an autoclave. The udder of the cow from which the sample is to 
be taken must be carefully cleaned on the teat and particularly the end of 
the meatus sterilized with a 70 per cent alcohol solution, a solution of 200 
parts per million of chlorine, or a strong solution of one of the good wetting 
agents. Approximately cc. of milk is then drawn into the tube, after 
which it is placed in the incubator for 20 to 24 hours. Reading the re- 
action of tile milk can then be made immediately, since bromcresol 
purple is an indicator dye. Its turning blue is an indication that the 
milk is on the alkaline side. The sample taken in the Hotis tube may be 
used for further bacteriological analysis; a smear may be made from it for 
microscopic examination and the reaction exhibited after its incubation 
will be indicative, within limits of the type of organism causing the 
mastitis. If the sides of the tubes contain yellow flacks, the presence of 
streptococcus agalaclic is indicated. Many authorities claim this to be 
absolutely specific for the idcntiflcation of this organism. The yellow spots 
in the Hotis tube arc caused by the streptococcus agalactic which, in 
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forming lactic acid at that pomt, changes the dye to yellow Other organ- 
isms will form lactic acid and cause a uniform yellowing 

The positive reaction to the Hons test does not necessarily mean that 
active mastitis has been discovered Many cons can shed the organism lor 
long penods of time without showing any other signs of mastitis Strep- 
tococcus agalactia, however, ts spread only from infected to nomnfectecl 
cows and to find on animal shedding the organism indicates that it is a 
potential spreader of the disease 

Direct microscopic method One of the most useful of all mastitis tests is 
that of the direct microscopic examination After the asccpiically drawn 

milksample IS thoroughly mixed, 01 cc is spread over an area of 1 sq cm 

on a microscopic slide by the use of a standard pipct or %v ire loop made for 
this purpose The slide is then dried and immersed m Newman’s stam 
two minutes The slide is again permitted to dry and excess stam is washrt 
out m distilled water After drying, the field is examined by the use of the 
oil immersion lens and a microscope that has been calibrated so that c 
number of leucocytes or bacteria, as the case may be, per cubic cm o 
imlk can be estimated . 

By this method an accurate estimate of the leucoc>te content can dc 
made and a general idea formed as to the ty^Je of bactena that are respon- 
sible for the disease The smear may be made from a Hotis sample, after 
It has been incubated for 20 to 24 hours, if leucocyte numbers are 
and bactena usually associated with mastitis are found, a positive diag- 
nosis of the disease can be made In the case of mastitis the leucoc>te 
content of the milk is greatly mcreased Making a diagnosis, however, or 
leucocyte count alone is not reliable Usually when milk contains over 
500,000 leucocytes per cc it is abnormal and indicative of some W® ° 
infection However, m late lactation and m several other cases, tn 
leucocyte count may exceed a million without indicatmg the presence o 


mastitis 

Chloride test Normal milk contains only about one-seventh the amount 
of chloride that is found m blood In the case of mastitis the chloride con 
tent of the milk increases toward the Icve of that found in the blood De 
termmation of the amount of chloride in the milk is, therefore, one of ® 
tests that IS valuable in the diagnosis of mastitis To determme this chlon c 
content two solutions are made up, one of silver nitrate c p 1 3415 gm 
lOOOcc distilled water, the second of potassium chromate c p lOgms ao 
distilled water, 100 cc To one cc of milk, 5 cc of the silv er nitrate solution 
is added, plus two drops of the potassium chromate solution which arc 
mixed by mvertmg the tube If the milk turns yellow, it is an mdicaUoQ 
that more than 14 per cent of chloride is present m the milk, 
considered abnorm^, and if a brownish red color is present, H is 
that amount While nearly all mastitis contains chlondes m excess o 
per cent, that le%cl of chloride may be present in milk that is not iro 
mastitic quarters Therefore, other factors must then be taken into 
sideration in conjunction with the chloride test before a positwc diagn 
can be made 
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Catalase test The enzyme catalase is found m most living cells The 
leucocytes m milk contain this enzyme and, therefore, the quantitative 
determinauon of the amount of this enzyme is another way of getting 
the approximate number of leucocytes For the determination of catalase 
a 1 per cent of hydrogen peroxide solution is used Five cc of the hy- 
drogen peroxide solutidn is placed m the test tube of 20 cc capacity This 
tube IS fitted wth a stopper having an S-bcnt glass tubing in it Fifteen cc 
of milk, ivhen it is freshly draivn, is added to the tube and inverted Then 
It IS placed m an mcubator at 37® C for three hours The enzyme catalase 
will spilt hydrogen peroxide into water and oxygen The liberated oxygen 
will displace the milk in the tube, forcing it out through the S-bent tube, 
thus the amount of hydrogen peroxide used up in the reaction can be 
ascertained 

Normal milk always has some cellular content and will produce, under 
the specifications just given, from 0 25 to 1 5 cc of oxygen Milk producmg 
over cc is considered abnormal Agam, as with all other tests so far 
discussed, a positive reaction must be taken in conjunction with the other 
factors before positive diagnosis of masutis can be made All other factors 
that contribute to the increase of leucocyte content nviII increase the 
amount of gas liberated 

test Normal milk has a of 6 4 to 6 6 As the mammary gland 
becomes affected ivith mastitis, sodium bicarbonate passes from the blood 
into the milk to raise the value With the modern />H meter the values 
for acidity can be rapidly determined In order to accurately represent the 

of the milk the test must be done before any bactenal action has time 
to take place In other words, it must be conducted on fresh milk The^H 
values exceeding 6 6, although not positive in diagnostic value, should be 
looked upon with the suspicion that infection may be present 

Cultural bactena methods For positive diagnosis of the causative 
organism of mastitis, laborious bactenal cultural method must be earned 
on These procedures require skilled technicians with adequate laboratory 
facilities and iviU prove too expensive to be used routinely as a control 
measure in the average dairy herd 

Treatment A relatively large number of treatments have been de- 
veloped for mastitis Some years ago mastitis was only treated by the 
systemic administration of various drugs to the cow While systemic 
treatment is not contraindicated in some types of mastitis, where it is 
necessary to eliminate systemic infection this approach to the treatment of 
the disease has been virtually discontinued The presently accepted meth- 
ods for the treatment of mastitis require iniramammary administration of 
the therapeutic agent plus ivhatever supporting measure that may be 
needed for systemic treatment Only very small amounts of any drug that 
IS admmisicrcd orally or parcnterally will get through the mammary 
membrane and into the milk On the other hand, the drugs that are 
now used for mtramammary treatment will quickly diffuse through the 
entire quarter, provided the ducts are not shut off by disease processes. 
And a much higher concentration can be built up and maintained m the 
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udder by that method than can ever be hoped for should drugs be dis- 
covered which will diffuse readily into the milk 

\\TuIe a large number of drugs are used for intramammary treatment, 
only a few of those more commonly used will be discussed here 
pcutic agents for mastitis fall into two general groups, the chemical and 
the antibiotics 

Drug treatment, i\hile it is valuable in mastitis control, thus far cannot 
be listed as a solution of the mastitis problem Some cases of mastios 
respond very \\ ell to treatment — others only moderately so and still others 
are not benefited by any of the treatments now available In addition to 
this not too hopeful situation, once there has been an acute attack o 
mastitis irrevocable damage to the mammary gland has occurred Sc^ 
tissue will have been formed that will replace normal secretory tissue md 
the milk subsequent to treatment will not return to the normal, pre-dis- 
ease condition There is also evidence that once a quarter has been infected 
with mastitis, even though good results may be obtained from treatment, 
Its resistance will have been impaired and the organ become more sus- 
ceptible to reinfection— often from a different organism than the onginal 
offender There are, however, sufficient benefits to be gained, on an 
average, to make treatment of all cases of mastitis by a suitable agent 
worthwhile The selection of the therapeutic agent will depend upon the 
t>'pe of mastitis For instance, there would be no use in administering 
penicillin to a case of coliform mastitis, since this drug is completely 
destro>cd by this organism One other point needs to be stressed m 
conjunction with the consideration of the treatment of mastitis and that is 
that to be most effective the treatment must be administered at the first 
sign of the disease, and finally, whatever the treatment may be, it is in*' 


portant that asceptic conditions prevail m its administration 

Penicillin The drug most commonly used today in the treatment o 
mastitis IS penicillin This drug is mosteffecuve on streptococcus agalactic, 
other streptococci, and some of the staphjlococci It is ineffective against 
the coliform group and many others In spite of its limitations, the drug u 
adminisicrcd by most dair>men m the case of mastitis regardless of 
the causative agent may be Penicillin is available in different fonns One 
of the most common is that of a dry powder of either sodium or calcium 
salts that is dissolved in distilled water before being infused into the 

mary gland Stcnlc distilled water is the fluid of choice for solutions of t ^ 

drug Other preparations contain penicillin suspended m oil and 
other cases penicillin is pul up m materials to form bougies that may 


inserted directly through the teat meatus into the teat canal 

Penicillin has no irritating eflect upon the glands As much as 500, 
units have been infused in distilled water into a normal quarter 
evidence of any imtaimg eflecis Therefore, the adminutration of t 
drug even though it ma> not be en«:tivc upon the particular organu 
involved has no harmful cflcci In all probability too little of this drug ^ 
infused to do the optimum good and too often it is left m for too 
time Studies have shov^n that peotciUin, once infused into the u » 



COMMON DISEASES OF DAIRY COWS 


429 


diffuses out very slowly It is therefore recommended that the cow not be 
milked for 24 hours after a treatment, provided that enough of the drug 
IS infused in the first place The optimum dosage is not as yet well estab- 
lished but probably never less than 50,000 units should be infused and 
100,000 units may be better 

Streptomycin Very little is yet known about the place that this drug 
will take in the treatment of mastitis To date it has been too scarce and 
too costly to have entered into the treatment of mastitis to any extent 
Theoretically, streptomycin should be very effective on organisms against 
which penicillin is ineffective In recently conducted experiments it is 
shown that streptomycin behaves like penicillin in that it is not irritating to 
the mammary gland and that it diffuses out very slowly Consequently, the 
mode of administration, provided that the drug should prove effective 
against mastitis, should be much the same as that of penicillin 

Tyrothricin Tyrothricin is also an antibiotic, being isolated from a 
soil bactena and containing two substances, tyrocidin and gramicidin 
This drug is very effective against a large number of organisms However, 
the drug is very irritating when introduced into the mammary gland and 
causes severe inflammation when introduced into the normal quarter 
The drug is put up in various forms and under varying trade names It is 
recommended that from 80 to 120 mg of the drug be administered per 
quarter, depending upon the size It is also necessary that the treatment 
^ repeated two or three times, with a day intervening between each 
treatment 

Silver oxide One of the most effective germicidal agents is silver oxide 
For mastitis treatment it is usually put up as a 5 per cent silver oxide m 
mineral oil This drug is one of the most irritating of drugs that has been 
used for the treatment of mastitis In the recommended dose, when intro- 
duced into a normal quarter, it produces severe inflammation — the mam- 
mary gland normal function being permanently impaired The drug may 
find use, however, in the treatment m cases which persist in shedding 
mastitis organisms after other treatments have been used It is recom- 
mended that when this drug is used, it be preferably used on the dry udder 
The normal dose is 10 cc of a 5 per cent solution of silver oxide in oil 
injected per quarter and left in the dry quarter When used on lactating 
quarters, the same dose is used on three successive days with milk-outs 
m between 

Sulphamlamide Sulphanilamide, the first of the so-called sulpha 
compounds, has been used extensively in the treatment of mastitis It may 
be put up m different forms but that most commonly used is the 35 to 40 
per cent suspension of the drug in mineral oil From 50 to 100 cc of such a 
suspension should be infused into the involved quarter, depending upon 
the size The larger quarters need larger quaniiUes of the drug than smaller 
quarters The usual recommendation is to administer treatment on three 
consecutive days with milk-outs in between Sulphamlamide, like the 
other sulpha compounds, is moderately imlaimg to the mammary gland 
When infused into ihc normal healthy quarter, the quantity of milk will 
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be reduced following the infusion of several days and the mili will assume 
the characteristics of fairly acute attacks of mastitis Complete recovery, 
however, is the rule within four or five days 

Sulphathiazole, sulpharaerazinc, and other sulpha drugs are used m 
much the same manner as sulphanilamidc, either individually or m 
combination Iodine m one part to 1,250 parts of oil has also been tned^ 
well as many other dyes and chemicals None of these seem to present the 
properties that are not possessed by drugs that have been discusse 
Prevention of mastitis The only satisfactory solution of the masutis 
problem comes m its prevention To prevent mastitis involves care u 
detailed attention to the important management factors and the carrying 
on of approved sanitary procedures The most important single factor in 
mastitis control is that of preventing injuries to the udder and ° 
which proper milking ranks high in importance Milking should be cam 
on according to the procedures described in Chapter 35 

Proper housing ranks high in importance in a control program or 
mastitis Stalls should be wide enough so that the leg action of the cow 
m getting up is free In narrow stalls the leg strikes the partition, an 
throws her out of balance when she attempts to rise, often resulting in 
injury to the teat and the udder, followed by acute mastitis The stall 
platform should be long enough so that the udder does not extend over 
the end of the platform when the cow lies down Studies at the Univemty 
of Minnesota show that the incidence of udder and teat mjur> and 
quent mastitis involvements was many times as high in cows that stooo 
next to supporting posts which were placed m line with the stall partition 
and the gutter These posts, particularly when stalls are narroiv, interfere 
more than the stall partition with the nsmg action of the cows As has 
been previously stated, door sills and approaches to the bam can be senous 
factors in the udder and teat injuries that are so predisposing to mastitis 
Increasing evidence is being accumulated showing that deep, dry bea- 
ding IS an important factor in preventing mastitis Loose housing, ^vhen 
kept dry, has an effect of diminishing the incidence of mastitis 

After making provision for nuniinizing the possibility of injury an 
making all possible provisions for maintaining a healthy udder of hig 
resistance, the important factor of preventing the spread of infection tha 
IS present must be considered While many cases of mastitis are caused V 
organisms that arc alwa>s present, the most prevalent type of mastitis is 
that caused by an organism which is spread from infected to healthy cows 
It IS therefore, necessary to ascertain the infected animals by proper tests 
and to milk them last, taking extra precaution that the milk from these 
cows will not come in contact with healthy ones Whenever a cow shows 
any sign of mzistius, she should be milked at the end of the string that u 
otherwise normal In addition to that it may be well to use disinfectants 
and washes of the udder before milking, the dippmg of the teat cup m ® 
disinfectant, or in the case of hand milking and hand stripping, the wasn 
ing of the hands in a disinfectant between each cow Two hundred 
per million of chlonne, while not too effective as a germicide on the uo 
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and teat, may be of some value in this connection. Some of the new wetting 
agents of the quarternary ammonium compound may be more effective 
for this purpose. 

In spite of the shortcomings that have previously been stated about the 
various treatments, it is advisable that all animals who react to the mastitis 
test should be treated. 

Lastly, cows with chronic mastitis that do not respond to treatment 
sooner or later become unprofitable. When this fact is considered in 
connection with the undesirability of having such cows in. the herd and 
the possibility that they may be sources of infection that can spread to the 
healthy ones, it becomes apparent that they should be disposed of more 
often than is the case. Dairymen who have practiced these good manage- 
ment suggestions find a much lesser incidence of mastitis than do those 
that ignore sound management. Accidents will occur in any herd no 
matter how well they may be managed; and consequently, one cannot 
expect to have complete elimination of mastitis. The problem for the herd 
managers is to so handle and manage the herd that the incidence of this 
disease is reduced to the absolute minimum. The author has investigated 
herds where good management practices have been carried on for many 
years and was convinced that streptococcus agalactie infection has been 
present and yet never gave any appreciable trouble. The importance of 
good management in the control of masUtir can hardly be stressed enough. 
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Efficient management op a dairv herd requires adequate eq,uip' 
mcnt properly arranged Careful planning in the location, construction 
arrangement, and equipment of the various building units essential to 
dairy farming ^vlll prove to be labor saving and a real investment Lack o 
planning in building and equipment arrangement may increase the labor 
requirement and prove to be a poor investment While adequate building 
and equipment are necessary for efficient management, too elaborate and 
costly buildings and equipment may be too big an overhead for the dairy 
to carry . 

In addition to being planned so that they will best serve the needs o 
the dairy and reduce the labor requirements, the dairy buildings should 
be made attractive Neat and clean premises with an attractive set ot 
buildings are valuable assets m marketing milk and cattle, as well as the 
source of a great deal of pnde and satisfaction to the owner 

The list of buildings that are, as a rule, needed for the dairy enterprw 
IS headed by the barn, with the milk house the next in importance In 
addition, the yards about the buildings, silos, and calf and bull barns arc 
important considerations It is not the purpose of this discussion to go 
into the details of construction of the various farm buildings, but rather to 
lake into account the fundamental considerations in locating, arrangingj 
and equipping the dairy buildings 

Requirements of a satufactory barn While there arc a multitude of 
details that must be considered m planning a satisfactory bam, they can 
be grouped mto ilve mam divisions 

1 Comfort and health of the cow 

2 Convenience and labor saving 

3 Sanitation 

4 Durability of structure 

5 Attractiveness 

The first purpose of the dairy bam is to furnish the dairy cattle 
protection against the elements Exposure of cows to either severe cold or 
extreme heat causes great economic losses in lowered milk yields, 
and sometimes death Whenever a cow becomes uncomfortable, lowcrrf 
milk production results In addition to making a cow uncomfortable* 
exposure to cold requires an increased amount of feed for the generation 
of heat Exposure to cold, moisture, and drafts is one of the prcdispost^? 
factors for colds, pneumonia, and mastitis, all of which result in losic* 
Since most of the work about the dairy is done in ihc liarn, the arrange- 
mcnis should l>c made v%ith a view to labor saving Hie management o 
4J2 
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the stalls and pens, feed and cleaning alleys, and feed sources should be 
such that a rmnimum amount of labor is required to feed the cattle and 
clean the barn Labor saving materials and devices that are not too costly 
should be installed A warm, comfortable, light, and clean barn is con- 
ducive to getting the most out of labor 

Milk, from tvhich all dairy products come, is usually drawn m the bam 
This product is the most valuable of foods, but it is susceptible to bacterial 
and sediment contamination which detracts from its wholesomeness, and 
unless the barn is kept clean, this contamination ivill probably result 
Since cows kept in a light, clean, and dry barn are cleaner than those kept 
m a dirty barn, less dirt and bacteria will come into the milk A clean, 
light, and neat environment is also conducive to cleaner methods of 
milking In facilitating the cleaning of the barn, the materials and con- 
struction of the barn play an important part For the production of 
certified and grade A milks, the mimmum requirements for the interior 
construction are specified Smooth surfaces on \valls, ceilings, and floors 
that can be ivashed are to be preferred and are required for high-grade 
milk production Adequate ventilation to purify the air and remove 
moisture is an essential Moisture accumulating on the ceding and walls is 
conducive to mold and bacterial growth, as well as the accumulation of 
dirt Dripping of moisture from the ceilmg sods the animals and makes for 
greater contamination of the mdk 

Durabdity of the material used in construction is obviously an important 
consideration Not only will a barn constructed of durable material last 
longer than one in which less durable material is used, but it will be 
easier to maintain m a sanitary condition Broken decaying wooden parts 
or pitied and cracked concrete floors arc not only unsightly but are 
conducive to the accumulation of dirt and microorganisms 

Location of the barn A number of factors must be taken into con- 
sideration m locating a barn One of the most essential considerations is 
that of adequate drainage The bam should be located where there is 
good drainage away from it, and where adequate yard space, also weW 
drained, is available The next consideration is that it should be sufficiently 
distant from the house to minimize the odors that are alwa>s present One 
hundred fifty to two hundred feet is considered the proper distance As 
the barn is a place to which feed and from which manure and milk are 
hauled, it is desirable that it be located near a road It is also desirable that 
the barn and adjacent yards be protected with trees, if it is at all possible 
The question as to which direction the long axis of a long barn should 
run IS still subject to debate Most people seem to favor a north and south 
direction of the long axis, claiming more cffcctwc exposure to the sun’s 
rays as the reason When the barn runs north and south, rays from the 
rising and setting sun can sweep the entire inside of the barn during the 
course of the day Proponents of the cast and west direction of the long 
axis of the barn claim greater cfllxt of the direct rays of the midday sun 
They also point to the desirability of the greater protection of the cast and 
west direction of the bam from the north winds to paddocks located on 
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5 The round barn 

6 The so-called resting shed 


of the 

location to pastures , u t he 

Types of barns There are several bases upon which barns may m 
classified, such as the type of material with which it is constructed, 
use to which It IS put (minting bam, mixed horses and cattle, etc ), ano 
the general plan of the barn The latter is the most common way o 
classifying the barn On this basis of classification there are six distinct 
groups, each group having several modifications 

1 The one-story barn 4 The lean-to barn 

2 The two-story barn (with hayloft) 

3 Basement barns 
Tht one-slary barn The one-story barn is the most speeialized of the 

types of barns housing only the cattle Feed storage is arrai^ed or i 
buildings outside the barn or in a building connected with the barn Mo 
one-story barns are wings of a two-story structure furnishing storage o 
feed The chief advantages of the one-story barn, as compared to tftc 
two story barn, are that it is free from the dust and dirt that filtere 
from the storage space above a two story barn, that it permits lighting 
from the ceding, and that better ventilation can be obtained 
The chief disadvantages of the one-story barn are that it is more ex- 
pensive than a two story bam when the additional cost of feed 
buildmgs is considered, that in colder climates it is likely to become 
cold because it does not have the benefit of the insulating effect of store 
hay, and that increased labor is required for cartmg the feed from t e 
storage barn to the cattle 

The two-story barn Except in the South, the two-story bam for dairy 
cattle IS the most popular type Cattle arc kept m the first story, and ay 
and feed are kept in the second story The two story bam is more cco 
nomical than the one story bam from the standpoint of the cost of con 
struction per unit of cattle and storage needed, and also m the saving 
labor requirements for carting feed This type of bam is also waring 
because of the insulating effect of the stored hay and feed in the 
story Where the ceilings are tight, these bams arc no more unsam ary 
from the dirt falling through the ceilings than arc the single story barn* 
In cold climates, with the same ventilation they arc perhaps more saDit^^ 
as there is less condensation of moisture on the ceiling and therefore 

There are several modifications in which parts may be one story jt* 
cally the two story barn is rectangular, but it may be L shaped, T 
or U shaped, in which all may be two stones in height or part may be u 
one-story structures ^ 

The basement barn A basement bam is a two- and occasion^V ^ 
three story structure m which one or more sides of the first story are 
the surface of the ground This type of barn is popular in hilly ’ 

the barn being located on the side of the hill The floor of the 
is usually on the ground level and can be driven into — one of the a v 
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tages of this type of barn Another advantage is that of \varmth in the 
wnter and coolness in the summer due to the protection of the side or 
sides under the ground surface level The chief objection to the basement 
barn is made on the grounds of sanitation As one or more ivalls are 
below the surface of the ground, basements cannot be adequately lighted, 
nor can the interior be properly exposed to sunlight, and, as a result, they 
are generally damp and musty 

The lean to barn As the name implies, the lean-to is a one story 
structure built against the side of a two story barn This type has the 
advantages of low cost and of warmth, particularly when constructed on 
the south side of a two story structure Usually lean to bams are in- 
adequately lighted, particularly if they are more than 20 feet m width, 
and they are unusually warm in the summer if they are on a southern 
exposure The light, however, may be adequate and excellent if the barn 
IS equipped with skylights 

The round barn Except in a few communities the round barn has not 
met with popular favor in spite of the lower cost for materials Frazer 
states that rectangular barns require from 34 to 58 per cent more material 
than round barns for the same floor area and grade of material The 
round barn is invariably a two story structure with the haymow in the 
second story, and sometimes in the center More often the center is 
occupied by a silo The cattle are arranged in a single row around the 
barn, usually facing inward By this arrangement feed is conveniently 
located and labor is saved in feeding 

There are several objections to round barns that account for their lack 
of popularity No satisfactory way of easv access to the silo or haymow 
has been found without loss of space The lighting of bams of large 
diameters is a problem The north side is not exposed to the sun’s rays, 
and the center of the barn is too distant from the windows to be ade 
quately lighted 

Type of materials used in barn construction The type of material to 
be used m dairy barn construction is that which is the most durable and 
attractive, and will give the most comfort to the animals consistent ivith 
cost The materials that conform to these requirements vary m different 
regions, depending upon the climate and the relative costs of the different 
materials Brick, iile, stone, and concrete arc the most durable and when 
properly constructed with proper air spaces and wall thickness, will ade- 
quately protect against both the cold and the hear In most places, how- 
ever, the cost of these materials and additional labor costs m construction 
make them prohibitive \Vood is, therefore, the most commonly used 
building material for barns With the proper care wood may be made 
durable Concrete sionc, or bnek foundations should be built sufficiently 
high to bring the wood out of the more moist lower portions 

\Sood IS an excellent insulating material, and tightly matched inch 
boirds on both sides of the studs furnish adequate protection against 
cold m the most rigorous climates Paint and proper ventilation arc 
csscntnl to the preservation of wood in bams 




Fig 99 Cfot$ sections of barns where cows foce out (obove) and in (below), 
showing the proper allocotion of space to stolIs, olleys, mongers, and gutters. 


In wanner climates a single thickness of matched one inch boards is 
adequate and there is no need for the more expensive bnck, stone, con- 
crete, or tile construction 

Planning the interior of a bam Careful planning of the interior 
arrangement is essential for economic utilization of the space and con- 
venience in domg work Before plans arc made for the interior, a decision 
must be made as to the number of head the bam is to house, and tl^ 
proportion of mature milking cows, jearlmgs, and calves that are to 
kept From this, the dimensions of the bam and apportionment of stalls, 
box stalls, and calf pens can be made In arranging the interior the 
tion arises as to whether cows are to face in or out, and the size an 
location of alleyways and cross alleywajs are also to be decided Other 
problems involve the choice and size of the stalls, and the kind of floors 
to be used for the stalls and allc>'vva>s 

Which way to jace cows Whether to face cows inward or outward lO 
barns is a question that is still controversial There are advantages ior 
each sjstem, and the choice is a personal matter The advantages lo 
facing out are 


1 The central passageway may be made wide enough that a manure 
spreader may be dnven through 

2 Milkmg IS made more convement 

3 The herd shows off to better advantage, as cows are viewed 
from the rear, and all can be seen from the one passageway 
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4 The walls of the barn are more easily kept clean 

5 Cows may be let in and out of one door 

The advantages for facing m are 

1 Easier feeding, as all is done from one central allcyivay 

2 More light for milking 

Dimensions Of the three dimesnions, height and width permit but 
slight variation, while length vanes with the desired capacity of the bam 
In cold climates height may vary from 8 to 9 feet from the floor, ivhile in 
warmer climates a greater height is desired A height of 8 to 9 feet ivill 
give from 500 to 600 cubic feet for each animal, which is about the limit 
of space that can be properly warmed from the heat generated by the 
animal In the South more space is desirable to prevent overheatmg by 
the animal during the long warm season 

Experience has sho^vn that for rectangular barns a ividth of 34 feet, 
when cows face out, and 36 feet when they face m, is the minimum for 
satisfactory spacing A width of 36 feet when the cows face out is prefer- 
able Greater widths mean uneconomical use of the space Distribution of 
the space for these widths is shown m Figure 99 TTie difference m the 
Widths required when cows face in and when they face out is due to the 
need for greater widths of the htter alley than for the feed alley When 
the cows face our, there is only one Jitter alley and, therefore, less indth 
of the barn is needed 

The length of the barn is dependent upon the number of head it has 
to house, the number of cross alleys, the width of the stalls, and the 
number of box stalls The desirable dimensions and the factors that 
determine such dimensions will be discussed in the following 

Stalls As the requirements for the bull pen and calf pens have been 
discussed under a previous heading, only the cow stall and the box stalls 
will be considered here The mdth and length of the stall vanes according 
to the size of the cow, the larger cows requinng longer and wider stalls 
than do small cows The requirements arc set forth in the following table 
It Will be noted that the extreme variation in the stall widths is 12 inches 
It requires approximately 1 5 per cent greater bam length to house the 
Holsteins than it would for the same number of Jersey s 


Raxoe op Sizes eor Stales Suited to the Dipperext Breeds 


StCED 

Lz>CTa 

j WiBTa 

1 'Mmmuni ^ 

1 

1 Tliannuxa 

1 Tftrunum 


Pm/ 

Jmiet 

Ftti 

Iiultct \ 

Fui 



liuia 

A>TSlllfCS 

4 

6 

4 

10 

3 

6 



Guernseys 

4 

6 

4 

10 1 





Iloktms and DroHn S« iss 

4 

iO 

5 

3 

3 



2 

jersej's 

4 

4 

4 

8 





Sbotlhoma 

4 

8 

S 

4 

3 

6 

4 

0 
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The stalls should taper from one end of the row to the other, beginning 
with the longest stalls and endmg with the shortest stalls required for the 
breed 

Depending upon the size of the herd, every dairy barn should be 
furnished with two or more box stalls to serve as maternity stalls or for 
sick and injured animals that require greater freedom than the ordinary 
stall allows Box stalls should be at least 9 feet square and should pref- 
erably be located in one end of the barn From a standpoint of utilization 
of space and symmetry of the plans, a good place for the box stalls is 
opposite the calf pens 

Alleyways There are three kinds of alleyways m the dairy bam 
feed alleys, litter alleys, and cross walks The feed alley should be at least 
4 feet \vide where the cows arc facing out and 6 feet where they are 
facing in Four feet is the minimum width that wll conveniently handle 
feed carts, and 6 feet is generally regarded as the mimmum distance 
cows should be apart when facing each other 

The litter alley is the alley back of the cows When cows face out, it 
should be at least 5 feet wide to permit ample room for work and to 
lessen the soiling of the wall It is preferable to have an alley 8 feet m 
width, as this ^vldth permits driving the manure spreader through the 
barn Except for barns of undue width (41 or more feet wide), an 8 foot 
alley can be arranged for only when cows face out 

Cross alleys are needed to connect the litter and feed alleys They should 
be 4 feet in width to permit the passage to feed carts While cross allcy^ 
should be located at sufficiently frequent intervals to facilitate the work 
m the barn, care should be taken in not locatmg too many, as each cross 
alley takes the place of more than one stall 

Bam floors The floors of both the alleyways and the stall platfonm 
arc of pnme importance The case with which a bam is kept clean and 


sanitary and the comfort of the cow are largely dependent upon the t>'pc 
of floor The alleyway floors should be impervious to moisture, durable, 
free from crevices where dirt accumulates, and not slippery Concrete 
that has been slightly roughened so as not to be slippery, satisfies these 
requirements better than any other material If the surface of the concrete 
IS too smooth, the condition may be overcome by sprinkling it 
ground limestone before cows arc permitted to walk on it Bnck or ^ 
arc too slippery when wet to make desirable bam floors Wood or wood 
block, likewise, arc slippery when wet and soon become unsanitary be- 
cause of decay incident to the moist conditions of bam floors Dirt 
arc unsanitary under the best of conditions and may become puddled, 
due to accumulation of water No absolutely satisfactory material has 
been developed for stall floors The requisites of a floor for the stall arc 
that It shall be warm, resilient, impervious to moisture, durable, and no* 
slippery Concrete is commonly used but it is hard and cold ood pla»^ 
is unsanitary, slippery, and lacks durability Corkbnek mccu the require- 
ments except for durability, ii is also cosily Creosoted wood block i* 
used by many and is probably as satufactorv a* any, if set m cement to 
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prevent penetration of moisture between the blocks Recently several 
plastic compounds for stall floors have come on the market Time iviU be 
required to establish their merits 

Types of stall stanchions and mangers All the stalls, stanchions, and 
mangers may be constructed out of wood However, this is not desirable 
because of the lack of durability and the difficulty of maintainmg them m 
a clean and sanitary condition Iron stalls and stanchions set in concrete 
with concrete mangers are the most satisfactory and the cheapest in the 
long run A large variety in styles of stalls is available on the market 
Likewise there are a number of different stanchions that differ in details 
but are all alike m that they are free swinging, thereby giving considerable 
freedom of action to the cow 

Light Sunlight is one of the essentials for a sanitary barn The direct 
rays of the sun assist in drying out damp places and have germicidal 
properties Windows should, therefore, be of such numbers and so located 
that the direct rays of the sun will strike every part of the barn It is 
generally stated that 4 square feet of glass should be provided for each 
cow, or 1 square foot of glass for each 20 to 25 square feet of floor space 
For a barn 36 feet in width this requirement will be met by spacing 7 
feet apart (center to center) windows containmg 12 lights of 8 X 12 inch, 
glass 

In colder climates the amount of glass should be limited to 4 square 
feet per cow unless double windows are used This is because glass con- 
ducts so much heat out that difficulty will be experienced m keeping the 
barn warm 

Ventilation One of the most difficult problems about a dairy barn is 
that of adequate ventilation Most barns are wet and unsanitary because 
of poor ventilation Kelley states that the purposes of ventilation are to 

1 Supply without draft the fresh air necessary 
for the health and comfort of cows 

2 Make possible the control of bam temperatures 

3 Preserve the building and feed from mold and 
rot incident to excessive moisture 

4 Help prevent the spread of disease 

An average dairy cow breathes approximately 116 cubic feet of air per 
hour, or more than 200 pounds per day The expired air differs from the 
inhaled air m these respects its carbon dioxide content has increased from 
03 to 5 53 per cent, itsosygcn content has decreased from 20 94 to 14 29 
per cent, and us water content has greatly increased On the average 
from 12 to 18 pounds of moisture arc expelled daily m the exhaled air 
Ordinarily the increased carbon dioxide content of exhaled air is be- 
lieved to be Uic cause of the delcicnous effects of poor ventilation This 
is known not to be ilic case The need for ventilation, except m very 
extreme cases of high carbon dioxide content of the air, is to remove the 
moisture and bad odors During the winter, witii the barn temperatures 
around 50* I , practically all the mouturc expelled wuh the exhaled air 
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condense, in the bam Effective “ 

.-m t^t ^ 

a circulation of the required amount of air ^ 

this may be accomplished one is to rely upon natural forces 
n.ovcniL.s. and the other m to use uiotor-dnven 

The natural forces \vhich arc taken advantage of m cans g 
of air are 

1 Difference m temperature bemeen outside air and inside lur 
^Va^m air is lighter than cold air and ivall nsc 

2 Pressure of \Mnd on the side of the building nj^w 

3 Suction created by unndbloiving across a flue ThisiviUdrai 

air out 

Ventilation by means of vvmdovvs, by ihe Kmg 
Rulherford system, is dependent upon one or more of these n 

The King system is the most commonly umd system of “ 

u named after us inventor. Professor Kmg of the Lnivcrsity of 
sm It consists, typically of flues exlcndmg from near the Awr I 
top of the bam roof for the outlet of foul air, and am inlcis m Ihc <x s 
or near the celling The warm am, being lighter than the . 

nse m the flue to create a vacuum in the bam, this vacuum puim 
cold air NS^hile the principle upon which the s>-stcm is , j^y 

difference in the weight of warm and cold air, it is also ^ 

ismd pressure The most essential factor m the successful o^ra i 
the King system is the tightness and insulation of the outlet 
outgoing flue leaks air or if the air becomes chilled m the flue, ’ ® ^ 
cicnc> of the s>stcm if greatly reduced It is also important that 
outlet and inlet flues be located in the correct places, so that the . 

air stnkes the heads of the cows and the foul air is drawn out u o 
This 15 illustrated in Figure 100 outlet 

The Rutherford SNStem differs from the King s>-5tem m that the ^ ^ 
flue opens at the ceiling and the air mlct is at the floor This ® 
influenced by the same factors and presents the same problems as 
King system . . 

The outlet flues should ha\c a cross area of about 1 square ^ 
each five cows The inlet flues should be located 7 to 10 feel 
have an aggregate cross section area equal to that of the ® oDcn- 
except in scry cold climates The inlet flues should have an outride 
mg scNcral feet below ihc inside opening to present warm at*" 
passing out , outsi<l« 

It is ob\ious that with increased differences m inside an 
temperatures, there will be increased mo%cmcnt of air On 
therefore, too much scntilation is experienced, resulting m 
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Fig. 100. liiusUating ihe location of the oir inlets and outlets ond the result- 
ing air currents, (/eft) when cows face m; (r/ght) when cows face out. 

temperatures in the bam. Increased wind has the same effect. On mild, 
still days, the barn will not be ventilated adequately. Overventilation on 
cold and windy days may be prevented by proper adjustment of dampers 
placed in either or both the inlet and outlet flues. With changes in 
temperature or \vind, readjustments are needed. 

Windenvs as the only means of ventilation are not satisfactory. They 
may be valuable auxiliaries to a ventilating system, principally as inlets 
for air. When used for this purpose, to prevent undue drafts the windows 
should be fastened with hinges at the bottom and fitted with metal shields 
on the side, so that when they arc tilted out the air must come in over the 
top of the wndow. (Fig. 101.) 

For adequate ventilation at all times the motor -driven fan is the best. 
As no expensive flues, either inlet or outlet, are needed, except the opening 
through the wail for the fan flue, the cost of installation is much less 
than for the King system. There is, however, the cost of power to run the 
fan. It is generally considered that when a motor-driven fan is used for 
expelling the foul air from the bam the naturally occurring openings in 
the barn are adequate for air inlet. 

Other barn equipment. A complete discussion of all the labor-saving 
devices needed for a dairy barn requires more space than can be given 
here. The equipment for milling, cleaning the bam, and handling the 
feed and water, logically would come under such a discussion. Of these, 
milking machines have been dealt with in Chapter 35, and only the 
general features of the others will be considered here. 

Barn cleaning equipment. The most common way of removing ma- 
nure from the barn is by means of the litter carrier run on a track sus- 
pended from the ceiling of the barn. The suspended track is frequently 
objected to as a place for collecting dirt. In some cases the track in the 
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Fig 101 When windows are used for ventilation they should iip 
equipped with shields on each side 


bam has given way to earner trucks or carts upon which the htter carnet 
IS run to the barn door, the carrier is then hoisted on tracks upon whicn 
it IS carried to the manure pit In bams where the manure spreader can 
be dnven through, much labor can be saved in handling the manure 
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Equipment Jot feeding The labor requirement for feeding is a con- 
siderable item on the dairy farm, and therefore labor-saving equipment is 
important From the standpoint of handling, feeds fall into three groups, 
hays, silage, and concentrates These feeds should be conveniently located, 
and there should be proper facilities for transporting them Suitable mix- 
ing and loading facilities not only save labor, but add matenally to the 
pleasure of working There is no convenience for the transport of uncut 
hay, but silage and concentrates may be transported in carts or feed 
carriers run on an overhead track In barns with good floors ihree-wheeled 
carts with the third wheel swiveled to facilitate turning corners are pre- 
ferred by most people The cart for concentrates should be equipped with 
a spring balance for weighing the feed 

For larger herds the storing and mixing of the concentrates is a problem 
The most convenient place for storage is in the second story, where the 
feed may be mixed in a mixing bin or by a feed mixer, then it is trans- 
ferred to a hopper with a chute outlet below, from which the feed cart is 
filled 

Loose housing. The idea of housmg cattle loosely in a shed is not new 
It has been practiced in various parts of this country and m other parts of 
the world for many years There is, however, a renewed interest in this 
method of handling dairy cattle, one of the major reasons for which is the 
high cost of construction of the conventional stall and stanchion barn 
The disadvantages and advantages of loose housing as well as the numer- 
ous problems connected with the construction of suitable buildings or 
sheds and arrangements for feeding, nulkmg, and loafing areas, together 
with problems of ventilation need to be given consideration 

Advantages and disadvantages Although many advantages can be cited in 
favor of loose housing, there are, six major ones 

1 The structures required for loose housing cost less than the conventional 
stall and stanchion type of bam 

2 The cows can be made more comfortable and happier under loose housing 
conditions than when confined m the stall and stanchion type of bam They 
have freedom to mo\c about and, provided that sufficient bedding is used, 
the bed is always warm 

3 The loose housing method makes possible a degree of laborsaving that can- 
not be achieved in the stall and stanchion type of barn The manure is left 
to accumulate, preferably throughout the enure season, and the beds kept 
dry with the addition of suitable bedding The cleaning of the barn fan be 
done more efficiendy when the manure is hauled directly to the field 

4 Loose housing makes feasible the use of the elevated stall milking parlor 
This type of milking is far more attractive to uorkers than the st^ and 
stanchion milking 

5 The loose bousing system, where ihc manure pack accumulates throughout 
tlie housing season, affords conservation of that product that is not attained 
under the comcnuonal stall and stanchion bam 

6 One of the most important features of the loose housing method is the in- 
ci-casc in milk production of some 5 to 10 per cent over those animals 
housed in the stall and stanchion type of unit. 
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To counteract, in part at least, these advantages there are some dis- 
advantages 


1 

2 

3 


Loose housing requires from 50 lo more than 100 per cent more bedding 

than stall and stanchion housing 

Because ot the large bedding requirements, too often 
dirty in the loose housing method than vs hen lepl in stalU and 
There is a hide evidence to indicate that loose housing may be 
to the spread of some infectious diseases, once these gam entrance w 

herd However, this danger is not greater than that which occurs from eep- 


me cows in small jards 

4 Loose housing 8)stems require considerable more floor space m total 

the nulling parlor requirements arc uken into conuderauon than is neces- 
sary for the convenuonal stall and stanchion housing 

Suitable structures for loose housing The i>'pc of sinicturcs that 
satisfy loose housing conditions will vary with climatic conditions n 
more moderate climates all that is required is a shed that has suincie 
space between the floor and the ceiling to provide for a sufficiently wp 
manure pack and that is opened to the south In the more severe cuma 
It IS necessary that four walls be provided However, it has ^cn loun 
that It IS not necessary to build warmly The chief objective of the 
housing structure in severe climates is to prevent direct cold drafts 
temperature of the surrounding air may drop to even below zero wiino 
creating discomfort to the cows, provided they are dry and free ^ 
Under properly managed loose housing conditions, the bed will alwa> 
be warm from the fermentation taking place in the manure pack 
Because of the advisability of letting the manure accumulate 
out the entire housing season, m northern climates provisions must 
made for sufficient heights from the floor to the ceiling to allow or 
least three feet of manure pack Therefore, not less than mne feet is re^ 
quired from the floor to the ceiling It has been reported that if the co^ 
have free access to the outside it is necessary that the loose housmg she 
well lighted Ammals have been found to prefer chilly weather to a 
shed 

There is still considerable discussion as to the amount of floor 
required per cow under the loose housing system The required ai^ 
cow IS dependent upon the climate, the size of the cow, and produc 
level In milder climates cows will need to be in the loafing area ® ® _ 

time, consequently less space is required It is obvious that the 
cows will require more space than smaller ones and high producing 
eat and drink a good deal more than low producing cows and thus vv 
void more feces and unne The floor space for the loafing area 
mended by a committee in the North Central states is from 50 to 


square feet per cow in the loafing area uy 

Feeding Under the loose housmg system hay and silage are 
fed ad libitum while the gram, because of the variations m the ^ 

requirements, is fed m the milking parlor or by some other methoo 
though some people feed hay and silage from bunks located in the loa 
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area, this method has generally been found unsatisfactory A more satis- 
factory way of feeding hay and silage is by having a special feeding area 
which, m more moderate climates, may be outside the loafing shed In 
the more severe climates it is well to maJtc provisions for feedmg under 
protection One of the most satisfactory methods found is that of providing 
a paved area, preferably along one wall, in which the manger and hay 
racks are placed, allowing at least tvvo linear feet per head A paved area 
extendmg back from the manger for about eight feet has been found to be 
satisfactory This area is not bedded and should be cleaned out periodi- 
cally Such a feeding area has the advantage that a good proportion of the 
total feces and unne are voided while feeding and if removed, periodically, 
will conserve matenally on the straw requirements 

Venlilalton One of the major problems m loose housing is that of 
adequate ventilation For the most part, loose-housing sheds have an 
opening to the outside at all times to permit the animals to go in and out at 
their pleasure This makes unworkable any conventional ventilating sys- 
tem Openings m the two ends of the barn or shed permitting a free floiv 
of air have been found to be most satisfactory in overcoming the undesir- 
able wetness of condensation of moisture 

Prowswn /or calves and matemUy pens Under the loose housing system 
the calves and matermty stalls may be provided for in a separate buildmg 
or in the loose housmg area The floor is dirt, and posts may be driven in 
so as to make stalls and pens for whatever needs may arise As the need 
for these stalls decrease, they may be remov«i, thus increasing the loafing 
area The question as to whether the floors should be paved m the loafing 
area is subject to debate 

Providing Jot Jeed storage If the loose-housmg unit is a two-story build- 
mg, hay may be stored above, as in the conventional stall and stanchion 
bam, but provision should be made whereby it can be introduced to the 
feed rack with the minimum of labor If the housmg shed is of the smgle- 
story type, then provision for the hay storage should be made so that it is 
expedient to the place where it must be fed It is also important that the 
feeding area be in direct line vatb the silo so that proper conveyances can 
carry the silage direct from the silo to the mangers If gram is to be fed 
in the milking parlor, the best solution of the gram feedmg problem is to 
make provision for the storage of the gram above the milkmg room, into 
which It IS conveyed by gravity 

\Vhen provisions are made for storing the gram overhead, its feeding 
can be made easy by appropriate feed conduits from the feed storage bins 
above the manger located in the front of the milking stall 

Milking parlors. Milking parlor is a name used to designate a special 
room m which cows arc milked Interest in milking parlors is very much 
on the increase and will continue to be so with the extension of the loose- 
housingidea There are two general types of milking parlor one m which 
loose stalls are on floor level and another m which the milkmg stalls are 
elevated thirty inches above the floor from which the operator works 
In connection with loose housing a milking parlor or milking room of some 
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Fig 102 Different arrangement patterns of elevoled milking 

stalls No 1 U type No 2 Montana type No 3 Tandem 
type No 4 Semicircular type No 5 Double tandem type 


sort IS essential It has certain advantages over the stall and stanchio 
of barn there is a smaller area to be cleaned and less work 
the actual milking, since fewer steps arc required Instead of the ^ 
carting all utensils required for imlking to the place where t e 
stalled the cow comes to the milker While milkmg parlors are 
associated with the loose housmg method, some installations are 
where cows are kept in the conventional stalls and stanchion barns ^ 
of the advantages of the milking parlor are lost in the extra 
labor required in releasing cows from the stanchion, bringing 
and cleaning the walks and alleys thereby traversed One of c 
disadvantages of the milking parlor is the high cost of construe 
cover the extra space required . q^c 

The fiooT level stall type There are two types of floor level 
IS the regular stall and stanchion into which the cows are gjnig 

when milked, backed out of Generally the manger is used for the e ^ 
of gram during the milking The second kind of floor level stall is v- 
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known as the walk through stall The cows enter from one side, and ^vhen 
milking IS done, the gate is opened and they walk through to go back to 
the yards or the barns From three to six or more stalls are used in the 
floor level stall type, the number that can be accommodated at one tune 
being dependent upon the number of cows in the herd and the number of 
people doing the milking 

Elevated stall t^pe The elevated stall type of milking parlor is the most 
popular m this country because of the ease ivith ^vhlch the milking can 
be done When the stalls are elevated 30 inches above the floor from 
^vhlch the operator works, no stooping is required in attachmg the milking 
machine or m washing the udder Since the cows do not at any time enter 
the pit from which the milker operates, it is never soiled from the source 
There are several types of arrangement of the elevated milking stalls, the 
one to be preferred depending upon local conditions 

For efficient operation even though there is but one milker, four stalls 
should be used This allows two cows to milk simultaneously while the 
other two are being prepared for milkmg By this arrangement sufficient 
time will also be allowed for the cows to eat their grain, except in cases 
where cows are slow eaters and large amounts of grain are offered The 
five general types of elevated stall arrangements are illustrated in Figure 
102 They are the tandem type, the U type, the Montana type, the semi- 
circular type, and the double tandem type 

It has been found that to be satisfactory a stall should be eight feet m 
length, three feet m width at the widest portion, and not less than tivo feet 
wide at either end In chose types where the cow s pass by the milking stalls 
an alleyway three feet wide is required Stalls m which milking parlors are 
made by a number of manufacturers of milking and bam equipment may 
vary somewhat in detail The general principle, however, m all of these 
types is essentially the same The gates are opened and closed by the 
operator by means o£ levers Likewise the door from the pens or bams is 
operated from the milkers pit to let in the cows 

The milking stalls should be provided with drainage facilities and a 
curb inches high should be constructed from the stall floor on the 
edge next to the milking pit to protect soilage of the pit in the event that 
urmauon or defecation should occur The milkmg parlor lends itself 
admirably to the use of the leleaser type of milkmg equipment, however, 
any other standard milkmg machine may be used 

Feeding grain In some cases where milking parlors are used special 
stalls are arranged m which cows can be fed gram before they enter the 
milking parlor, on the theory that the feedmg of gram adds to the danger 
of contaminating the milk In most installauons, hoivever, gram is fed m 
the milkmg stalls m a small manger located m the front side of the stalls 
As previously described, grain feedmg may be made a simple matter m 
the milking parlor by proper construction and storage of the grain up 
above In average milkmg herds cows will be in milkmg stalls at least 
eight minutes for each milking This allows them time enough to eat the 
normal gram allowance However, some cows eat gram more slowly than 
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Others and if such slow eaters 
should also be heavy pro- 
ducers requiring extra 
amounts of grain, the nor- 
mal time that they are m 
the milking parlor may not 
be long enough for them to 
absorb the amount of grain 
desired 

When gram feedmg is 
done in the milkmg parlor 
along with the washing and 
the preparation of the co^n^ 
for milkmg as well as the 
actual milking, the whok 
operation can be performed 
by one mdividual If grain 
IS fed before the cows enter 
the milking parlor (unless it is done some time before milking), it wiU be 
more difficult for one man to handle the entire operation There w an- 
other distinct advantage to feeding gram m the milking parlor it offers a 
special inducement for the cows to come into the parlor . 

Training cows lo enter milking parlors One of the important aspects w 
parlor milking is that of having the cows come in of their own free 'vd 
and to be at ease during milking time In order that the cows meet th^ 
requirements it u important that proper precautions be taken when th^ 
arc first introduced to the set up If cows arc roughly handled and forced 
into the milking parlor ihc first time, they are apt to form a bad association 
with the set-up and will be hesitant to come in of their own will and, whe 
in the stalls, arc apt to be so excited that the milkmg cannot be accom- 
plished properly 

It has bewn found that if the milking stalls arc left open, gram put i^ 
and the cows permitted to go through several times before the actual 
milkmg starts, there wall be less difficulty in forming a desirable association 
w ith the set-up Usually if the boss cow takes it upon herself to go throng » 
the rest of them will follow without a great deal of difficulty Once the 
cows have dc\ eloped a liking for the milking parlor, they will Imc up ni 
essentially the same order for each milking and will enter the parlor o 
ihcir own accord as soon as the door is opened In some herds the cows in 
the lower herd level have to be give some special inducements to come m 
Behatiof oj cows in milking porlois Once the co\%s have been property 
trained to be milked m the milking parlor, they feel equally at ease therem 
as m the normal stalls and stanchions While provision should be nu e 
for drainage from each stall, it has been found that cattle very seldom 
urinate or defecate in the milkmg stalls These physiological activities 
usually take place while the cow3 arc waiting to come into the milkmg 
set-up In one herd of 19 cows u was found that, on the average, one 
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defecation in the milking stall occurred each week. The individual that 
was guilty of the performance was rather nervous, particualrly when 
strangers were around. 

Holding alleys. One of the important adjuncts for the successful opera- 
tion of the milking parlor is a holding alley three feet wide that will 
accommodate three or more cows. This alley should extend to the yard or 
loose-housing system. This permits the cows to organize themselves before 
they come up to the door letting them into the milking stalls. Unless there 
is such a holding alley, contests may occur just before entry into the parlor. 
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barnyard manure 


While barnyard manure should be considered as one of ™ 
abk returns from the dairy, it m probably the kast 

most abused commodity produced on the farm One of the vc^ p 

aeticultural problems is that of mamtammg the fertility of the Im 
S cTbe done by the use of livestock when the manure is pr^l 
cared for and returned to the sod Because of the poor care g"''" 
a large portion of its ferldmng value is lost before it reaches 
The poor treatment given manure is due to a lack of knowledg 
value and ignorance as to factors causing dctcnoraiion 

Fertilizing value of crops and feeds When crops are sold fr 
farm, valuable fertUumg constituents are removed that mmt some^ 
be restored by the purchase of commercial fertilizers While “lerc 
about 15 chemical elements used by plants, only three— nitrogen, p 
phorus, and potassium— arc as a rule removed in sufficient 
reduce the fertility of the soil The amounts of these constitucnt^na 
values per ton for vanous crops, concentrates, and animal ,j 

given m the table on page 451 Except for the legumes, when crops are 
from the farm the amounts of the element which each feed contains 
remmed from the soil If the legumes have the proper bactena, ‘he/ 
mtrogen from the air The legumes too, have the highest 

largely because of the high nitrogen content By growmg legumes aid 

ing them to livestock the nitrogen content of the soil may be increas'd i 
manure is returned to the sod In order to maintain the soil fertility " ^ 
crops are sold from the farm, it will require the expenditure of money 
fcrtUizcr equal to the values set forth in the table 

If livestock is produced from the crops, the amounts of fertilizing co^ 
stituents removed are much less The fertilizing value per ton 
and crops are about equal, whde it takes many tons of crops to pr 
one ton of meat ^Vhcn milk is sold, only one fifth of the fertilizing v 
is removed as when an equal amount of alfalfa is sold ^^hcn butter 
sold, practically no fcrtUizmg value is removed 

In most cases the dairy farmer purchases some high protein concen 
Reference to the table on page 431 shows that the more common oft 
feeds contain much larger amounts of the important fertilizing constitu 
than do the ordinary fann crops The fcrtUizmg v aluc of these feeds o 
a good proportion of the purchase price By use of these conceniratM 
onl> is the ration improved, but valuable fertility is added to the 
Composition and value The composition of manure vanes wi 
class of animal, the kind and amount of bedding used, the kind o 
that is fed, and the care given the manure A mature animal on a 
4S0 
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tenance ration returns in the manure practically all of the phosphorus and 
potassium and about 95 per cent of the nitrogen in the feed The growmg 
animal takes out varying proportions of nitrogen and phosphorus for the 
building of body proteins and bony structure, and smaller amounts of 


Ferthizing Constituents per Ton of Various Crops, Animal Products, 
AND Commonly Purchased Concentrates ^ 



CossnrcESTS rza Tox 

FraTTTTTT-g 

Valus 



Phosphorus 

PAlagginm 

Per Ton 

Crop 


JPovadt 

Pounds 

Dollars 

AUalfa 

47^ 

4,8 

37 5 

850 

Barley 

365 

73 

89 

5 75 

Barley straw 

12 0 

20 

230 

304 

Bluegrasa, Kentucky 

26 5 

48 

35 0 

583 

Qo\ er, red 

420 

50 

25 5 

714 

Com 

355 

SO 

66 

523 

Com silage 

69 

14 

8J 

149 

Oats 

43 8 

75 

95 

668 

Oat straw 


20 

284 

3J7 

Timothy 

200 

2^ 

2J 

192 

^Vheat 

39 5 

72 

83 

606 

^Vhcat straw 

100 

1 6 

10 3 

200 

Purchased ConeeniraU 





Bran wheat 

506 

26 4 

24 8 

1057 

Cottonseed meal (43% protein) 

1382 

111 

ni 

2075 

Linseed oil meal 

112 2 

17 2 

254 

1695 

Soybean oil meal 

1418 

13 2 

440 

21 16 

Gluten n^ 

137 2 

72 

4 

17AI 

Antmai Producls 





hliik 

112 

18 

28 

172 

Cheese 

900 

730 



Butter 

25 

04 

02 

0^6 

Fat steer 

512 

U8 

28 

766 

Fat pig 

464 

74 

26 

6 57 


potassium The milking cow needs larger amounts of all of these elements 
for the production of milk According to Wells and Dunbar, dairy cows 
retain 30 to 40 per cent of the nitrogen and 40 to 60 per cent of the 
phosphorus consumed in the feed The kinds of bedding affect the compo- 
sition of the manure to the extent of the amounts used, and the composi- 
tion When shavings arc used for bedding, no manural value is added 
Oat straw (see the preceding table) has more than 50 per cent greater 
fertilizing value than wheat straw 

‘ The bases for the calculations of fertilizing constituents in purchased concentrates 
are from \Iornson Nitrogen is valued at 12 cents, phosphorus at 11 4 cents, and po- 
tassium at 6 cents per pound 
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The kind of feed is an important factor affecting the value of manme 
Felds h^h m phosphorus content, such as bran cottonseed med,^d 
hnseed od meal, produce manure proportionately higher in th^ 
stituents The higher the nitrogen content of the feed, the ig 

nitrocen content of the manure . , fprti- 

On the average, according to Momson, about 80 per cen 
hzmg value of a feed is excreted in the feces and unne The ^Uoi^ng 
figures, taken from Ames and Gaither, arc based upon 
av^age feed, and represent the amount per ton nitrogen H « pou^ 
phosphorus 2 0 pounds, and potassium, 10 4 pnnnds With nitrog t 
Lnts a pound, phosphorus at 1 1 4 cents a pound, an^otassium nt 6 cen 
a pound, a tone of manure has a value of S2 22 The manure 
average cow for a > ear u ould have a fertilizing value of ^ 

to say nothing of ihe value as a source of organic matter The maniOT 
value of a feed is, therefore, 80 per cent of the fertilizing value of the lee 
Amouuts of manure produced The amount of manure produced 
cow vanes with the amount of feed consumed and the bedding 
Jensen gives 12 5 tons and Van Slyck 15 0 tons as the average annu^ 
production per cow These figures include the unne, which 
about one half of the nitrogen and two thu-ds of the potassium Y S 
stock and dry cows produce less tn proportion to the lesser 
feed they consume A dry cow weighing 1 000 pounds produces a 
one half as much manure as a cow of the same weight producing 
pounds of milk daily ^ 

Losses in manure Under average conditions large proportions o 
fertilizing value of manure arc lost A number of expenments have show 
that large losses arc due to loss of the liquid manure, leaching, and term ^ 
tation The liquid manure contains about one half of the nitrogen 
two thirds of the potassium, and its complete loss would ^ 

manural value by that amount The liquid manure may be saved y 
use of adequate bedding to effect complete absorption, or by drainmg in 
an underground storage tank The latter is a common practice in Europe, 
where the liquid manure is highly valued 

Exposing manure to ordinary leaching for 109 days in New 
caused a loss of 38 per cent of the nitrogen, 52 per cent of the phosp o 
and 47 per cent of the potassium When exposed for five months over 
per cent of the fertilizing value of the manure was lost 

Bacterial decomposition of manure causes heavy loss of the , 

which escapes into the air m the form of ammonia In dccomp<» 
compost, the odor of ammonia can be readily detected Fcrmcnta 
deleterious to manure, cannot take place in the absence of air 
stored and too dry manure contains enough air for rapid 
In extreme cases the manure becomes ‘ fire fanged”, it assumes 
color and becomes dusty All of these fermentations arc accoropaw 

Preventing losses in manure To stop losses la the fertilizing 
manures, one must stop the leaching, sa\c the liquid manure, and pre' 
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excessive fermentation To prevent leaching, the manure may be hauled 
out and spread on the land daily On level ground, this method insures 
gettmg the maximum fertility of the manure onto the soil On hilly lands, 
however, -when the ground is frozen, the fertility of the manure is leached 
out and washed down the slopes For this reason, and also because it is 
not always convenient to haul the manure out daily, it becomes necessary 
to store manure for varying lengths of time 

To properly prepare manure for storage enough beddmg should be 
used to absorb the liquid manure, but not so much that the manure 
becomes too dry or *‘fire fangmg** will result A manure pit should be 
used, with a concrete floor to prevent drainage of the liquid portion and 
a roof to prevent washing by rams The next important step is to pack 
the manure to prevent fermentation by excluding the air Under these 
conditions, manure may be stored without any loss of potassium and 
phosphorus, and the nitrogen losses may be reduced to 20 per cent The 
spnnklmg of acid phosphate on the manure increases the phosphorus 
content of the manure and helps to reduce the mtrogen losses 

When cattle arc permitted to run loose in the barn and the manure is 
permuted to accumulate, the least possible loss of fertilizing constituents 
IS expenenced When the bam is well bedded, a clean and dry place may 
be maintained for the cattle Tramping by the cattle keeps the manure 
well packed and there is no chance for leaching 

'Bedding Bedding is used for two reasons to provide comfort for the 
animals and to keep them clean For samtary reasons in the production of 
milk, the bedding should be clean and free from mold and dust The 
choice of bedding for cous will depend upon what material is available, 
Its cleanliness, and its water absorbmg properties When bedding is pur- 
chased, other things being equal, the choice should be guided by the cost 
per unit water absorption The foUowmg table lists the water absorbing 
capacities of various materials used for bedding It will be noted that dned 
peat moss has the greatest water absorbing capacity, v^ith flax straw next 
and the cereal siraivs and stover third Among the straws, oat straw is 
superior to wheat straw Shavings and sawdust have the lowest water 
absorbing capacities and also possess great variability 


Water Absorbing Capacities of Varioos Bedding JWateriais 


MkUml 

Pouadi Water Absorbed b/ 100 Pouads 

Wheat straw 

210 

Cut wheat straw 

200 

Oat straw 

250 

Cut oat straw 

244 

Shainn^ 

119 to 220 

Sawdust 

SO to 160 

Flax straw 

Greater than cereal straws 

Shredded stover 

250 

Dned peat moss 

500 to 1 000 
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In addition to the materials listed, peanut hulls, cocoa shells, oat hulls, 
cottonseed hulls, and various other materials may be used for bedding 
The hulls have about the same water absorbing capacities as the straws, 
but they are not as well suited for bedding in stalls because they are 
difficult to keep in place 

Amounts of bedding The amounts of bedding needed depend upon 
the kind of bedding, the size and productivity of the cows, and the con 
dition under which it is used As the amount of bedding used depends 
upon Its water absorbing qualities, variations are inversely proportional 
to the water absorbing capacities For average cows, four pounds of shred- 
ded stover or five pounds of wheat or oat straw are needed daily For high 
producing cows there is a marked mcrcasc m the daily water elimmated, 
and as much as 50 per cent more bedding is needed 

When cows run loose, from 50 to 100 per cent more beddmg is needed 
than when they are kept m stalls and stanchions Cows m box stalls like- 
wise use more beddmg 
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To SECURE HIGH MILK PRODUCTION COWS MUST BE USED THAT HAVE IN- 
hented capacities for high production, and they must be fed and cared for 
in such a way as to bring out the inherited potentialities No matter how 
good the inherent capacities of a cow may be, unless she is properly fed 
she will not be a high producer Whether improved breeding or improved 
feeding is the more important in increasing the average production of the 
cows in the United States is debatable There is no doubt, however, that 
by improved feeding methods the average production of cows can be 
greatly increased 

Why milk cows should be so commonly malnourished because of in- 
sufficient quantity of feed is difficult to conjecture, unless it is due to a 
lack of understanding of the requirements of cows Why milk cows are 
frequently malnourished because of deficiencies in one or more of the 
many dietary essentials is more easily understood There are so many 
dietary essentials that must be supplied for an adequate ration that it is 
not hard to understand that the layman may find difficulty in compre- 
hending all of the needs 

In order to be able to feed cows for the most economical production 
one must first have a conception of the uses to which feed is put by the 
animal After that, he must know the needs of the animal m terms of the 
different dietary substances, and then he must know the values of the 
different feeds in supplying the requirements It is possible to furnish a 
ration that theoretically supplies all the dietary essentials but still is un- 
suited for the cow The mixture may be unpalatable or too bulky, either 
of which may result m the cow not being able to consume enough feed to 
obtain the necessary nutrients The ration, too, may be toxic or otherwise 
have a deleterious effect upon the cow Lastly, the cost of the ration must 
also be considered 

From the foregoing it is obvious that the proper feeding of dairy cattle 
IS not a simple matter but requires a knowledge of many fundamentals 
that will enable one to properly put together and supplement feeds at 
hand 

What food is used for. That all animals must have food or they tsill 
soon die is common knowledge Just what the food is used for and what 
proportions are used for each of the various animal activities is not gen- 
erally known although there is a great deal of information available on the 
subject The dairy cow needs food at one time or another for the following 

1 Growth and development of body tissues 

2 Production of cneigy for body temperature 
and muscular activity 

ASS 



456 


DAIRY SCm*CE, SECOND EDITION 


3 Maintaining and repainng body tissues 

4 Production of milk 

5 Development of the fetus 

These may he divided into two groups, the requtrement for mainte- 
nance and the requirement for production The requirements for mainte- 
nance include the needs for the repair of worn-out body tissues, and for the 
production of heat and energy to maintain the body temperature and 
the neccKary muscular activity Under the requirements for production 
arc the needs for ^owth, milk production, and development of the fetus 
The requirements for maintenance are high and constitute an overhead 
of tremendous importance in dairy farming Whether a cow produces 
milk or not, the amount of feed needed for mamtenance is constant 
For average dairy cow s about one half of the feed is used for maintenance 
and the other half for production 

Nutritional requirements The production of milk is a very highly 
specialircd function of the cow, therefore special attention must be given 
to furnishing the dietary requirements There arc specific minimum re 
qmrements of each of the several dietary substances If the ration is 
deficient m any one of these essential dietary substances the milk pro- 
duction will be lowered regardless of how much feed is offered or bow 
adequate the ration may be m all other respects Some of the dietary 
essentials, particularly the vitamins, mmerals, and energy m the form of 
fat and glycogen, may be scored in the animal body A ration deficient in 
any one of these may then prove adequate until such time as the body 
stores are depleted Cows may therefore produce well for a time on a 
deficient ration 

The essential dietary substances needed arc 

1 Energy producing 3 Mmerals 

foods 4 Water 

2 Proteins 5 Vitamins 

The first two of these requirements arc usually referred to as digestible 
protein and total digestible nutnents 

Digestible nutrients. \Vhilc all of the dietary essentials are nutrients, 
the term nuintnis as commonly used m dairy cattle feeding refers only to 
the proicms, carbohydrates, and fats Feeds vary greatly in their nutrient 
content and arc sometimes classified upon the basis of the protein content* 
such as high, medium, and low protein feeds The analy sis of feeds, as 
determined by the chemise, includes crude proicm, cihcr extract or fat, 
nitrogen free extract, crude fiber, and ash Of these the nitrogen ftec 
extract and fiber consiituie ihc carbohydrates 
Not all of the nutrients of feeds arc digestible The portion ihai^ 
digestible IS determined by feeding trials m \s hich the nutnents of the feeds 
taken m and the amounts m the feces arc determined chemically The 
difference constitutes the portion digested, and ilic per cent of any 
nutrient digested is known at the coefficient of digestibility or the digesuoo 
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coefficient The digestible nutnents arc reported in two terms, digestible 
crude protem and total digestible nutrients The digestible crude protein 
IS the number of pounds of digestible crude protem per 100 pounds of the 
feed stuff The total digestible nutnents are arrived at by addmg the 
pounds of digestible crude protein, the pounds of digestible carbohydrates, 
and 2 25 times the pounds of digestible fat per 100 pounds of the feed 
The total digestible nutrients represent approximately the energy value of 
a feed The protem yields approximately the same energy as carbohydrates 
do, while fat yields 2 25 times as much when these nutrients are burned in 
the body 

Different feeds vary greatly in their total digestible nutnent values, as 
do the coefficients of digestibility In the mam, increasing fiber content 
of feeds is accompanied by a decrease m the coefficients of digestibility, 
vith resulting loiver total digestible nutnents Most concentrates have 
75 or more pounds of digestible nutnents per 100 pounds, while roughages 
average about 50 pounds per 100 pounds of weight Fiber not only has a 
Tow coefficient of digestibility but also depresses the digestion coefficient 
for protein 

Net energy. Feeds may be measured by the amount of energy they 
will produce upon burning The common measure is the therm (T) A 
therm equals 1,000 calories, or the amount of heat required to raise 1,000 
kilograms of water 1 ® G or to raise 1,000 pounds of water 4® F 
The net energy value of a feed, as the term implies, represents that 
portion of the energy which is digested and available for the use of the 
animal body less the losses and energy required for digestion In the 
mastication, digestion, and metabolism of fee^ there arc losses and energy 
used ivhich arc not taken into account by feeders when measuring out 
the digestible nutnents To secure the net energy value of a feed the 
following must be subtracted from the gross energy of the feed 

1 The losses of undigested material m the feces 

2 The energy required for mastication and digestion 

3 The losses of gases m the digestive tract 

4 The losses in the unne, chiefly urea 

The losses of energy producing matcnal in the feces is taken mto account 
in determining the total digestible nutrients The other subtractions from 
the total energy of a feed to ascertain the net energy are not considered m 
determining the total digestible nutrients Inasmuch as feeds vary greatly 
m the amounts of energy required for digestion and mastication and that 
are lost m gas and urine, the difference between the net energy values and 
the total digestible nutnent values of feeds also vanes greatly From the 
following table it will be noted that the pounds of total digestible nutnents 
and therms net energy are approxunatcly the same for the concentrates 
For alfalfa hay, timothy hay, and wheat straw the therms net energy are 
82, 75, and 28 per cent respectively of the values of pounds of digestible 
nutnents for the same feeds The relatively lower net energy values of 
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roughages as compared %vith concentrates are due to the additional energy 
needed in the mastication and digestion of the roughage 


CoiIPABlSON OP TOXAI. DIGESTIBLE NUTRIENTS ANTJ THERMS 
Net Energy per Hundred Pounds op Feeds 


Feed 

Tot^ Digestible 
^ NutneaU 

NetEsergr 


PnMds 

Titnu 

Com 

806 

79 2 

Oats 

71 S 


Barley 

78 7 


Alfalfa hay 

SOJ 


Timathy biy 

469 


Wheat straw 

357 



The loss of energy in the unne is limited mainly to urea, an end product 
of protein metabolism 

^Vhlle the net energy values of a feed represent more nearly what the 
animal imU get out of the feed for production purposes, they do not 
necessarily represent the feed value for maintenance The heat generated 
from digestion is used in warming the anunal body, and in cold ueatber 
It reduces the maintenance requirements In warm weather, however, 
the heat of digestion must be gotten nd of 

For practice purposes the use of toul digestible nutrients is satisfactory 
when It is remembered that more total digestible nutrients are required 
in roughage than in concentrates 

Energy may be stored throughout the body in large quantities in the 
form of fat and in a smaller quantity in the liver and muscles in the form 
of glycogen Carboh>drates, fats, and proteins of the feed may be the 
source of the body stores The carbohydrates and most of the protein may 
be converted into fat 

Fat. While fat may be produced in the body from carbohydrates and 
protein, there is some evidence that a mi nimum amount of fat in the 
ration is essential and that some of the more highly unsaturaicd fatty 
acids, such as linolcic and linolcnic, must be supplied in the feed Maynard 
has shovkn that cows fed a ration from which the fat had been extracted, 
but which otherwise supplied the nutritive requirements, failed to mato* 
tain milk production as well as those fed the ration contaming the normal 
amounts of fat Allen has reported increased fat content in milk from 
cows fed addiuonal amounts of fat This indicates that at least some fat 
in the ration is needed for the best results Normal rations, however, 
probably contain the necessary amounts of fat 

Protein Protein is needed by the animal for the growth and mamt®' 
nance of the body tissues, for ihc production of milk, and for the fetus- 
While any of the nuincnu may be the source of energy, the ammal i» 
unable to produce ns needed proiem from anything but protein m the 
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feed The feed must not only supply the protein, but in order for the 
protein to be adequate, it must also contain certain ammo acids Some of 
the ammo acids required by the animal body may be formed from other 
ammo acids, but others, known as essential ammo acids, cannot be pro- 
duced by the animal and must be present in the feed Many plant proteins 
are deficient in one or more of the essential amino acids, and when the 
ration is restricted to such plants, it will be found inadequate 

Many plants supplement one another in the essential ammo acids, this 
IS one of the reasons that a ration consisting of a variety of plants is de 
suable 

Minerals Mineral matter, although needed in much smaller quanti- 
ties, js as essential for growth, maintenance, and production as are the 
organic food materials While the need for minerals in the animal body 
has been known for a long time, only recently have mineral deficiencies 
been discovered m what were considered normal rations The list of 
known required mineral elements has been groiving, and it is probable 
that further additions may be made of some elements that are needed 
m only small amounts At present the following mineral elements are 
known to be needed sodium, potassium, chlorine, calcium, phosphorus, 
magnesium, iron, copper, iodine, sulphur, manganese, and cobalt Zinc 
15 always found m animal bodies, but whether it is essential is not known 
Fluonne, likewise, is always present, some claim that it is essential for 
the formation of dentine in the teeth 

The functions of minerals in the body are many and complex, and 
many are little understood The bony f^ame\^ork consists principally of 
calcium and phosphorus The blood depends upon sodium chloride, 
potassium chloride, and calcium chloride to maintam its osmotic pressure 
and equilibrium Hemoglobin formation needs iron, copper, and possibly 
cobalt Gastic digestion depends upon hydrochloric acid, of which the 
chlorine comes from the chlorides Iodine is needed for the formation of 
thyroxin In addition the body cells need a delicate balance of various 
mmeral elements for their proper function Some of the mineral elements 
combine \vith organic substances to form compounds essential to the 
animal organism Numerous other functions and interrelationships of 
mineral matter in the animal body could be cited, but space will permit 
only a brief consideration of the needs and supply of the more important 
minerals from a practical nutrition standpoint 

Sodium chloride Natural feeds for cattle are universally deficient m 
sodium chloride or common salt If cattle are not given common salt, 
they soon become affected The lack manifests itself first in an unusual 
craving for salt and later m a complete breakdown and ultimate death 
The salt requirements vary with the size of the cow, the type of ration 
fed, and the amount of milk produced Babcock and Carlyle stated that 
for normal rations 0 75 ounce of salt is needed daily for each 1,000 pounds 
of live \N eight and an additional 0 3 ounce for each 10 pounds of milk 
produced * 

* Babcock and Carlyix VVjs Report. 1905 
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The best way of furnishing salt is to allow free access to salt placed 
in cups in the barn or in a box protected from rains in the yard A portion 
of the salt requirement may be furnished in the gram by mixing m one 
pound of salt for each 100 pounds of grain mixture In addition to supply- 
ing some of the salt requirements the palatabiliiy of the gram mixture is 
improved by this procedure If salt cups are not available, salt should be 
given milkmg co\ss every other day, and dry cows and young stock should 
receive salt twice a week 

Young stock and dry co\\8 may be furnished salt m the form of blocks 
Milking coivs, whose salt requirements are higher, should have the salt 
furnished in the granulated or flaked form 

When cattle have not had salt for long periods of time, free access to 
unlimited amounts will lead to excessive consumption, ivhich sometimes 
results m death to the animats 

Calcium and phosphorus ' Over 75 per cent of the total mineral matter of 
the body, 90 per cent of the minerals of the skeleton, and about one half 
of the mineral matter of milk are calcium and phosphorus It is therefore 
apparent that next to sodium chloride these two minerals are needed 
most abundantly in the ration Since about twice as much calcium as 
phosphorus is needed, the ideal ratio is two parts calcium to one part 
phosphorus However, at least when adequate vitamin D is present, the 
ratio may be much wider provided that the minimum requirement u 
furmshed 

The calcium and phosphorus contents of the more common feeds are 
given in Table IV of the Appendix It will be noted that different feeds 
differ greatly m their contents of these two minerals In general, roughages 
are high and concentrates are low in their calcium content For phos- 
phorus the reverse is true Vanations within these groups are large The 
legumes contam several times the amount of calcium that the nonlegumes 
do Cottonseed meal, wheat bran, and linseed oil meal are much higher 
in their phosphorus content than arc the grains Both the calcium and 
phosphorus contents of feeds vary because of the soil conditions upon 
which they arc grown Hays grown on an acid soil are much lower m 
calcium than those grown on alkalmc soils Soils deficient m phosphorus 
produce feeds much lower in their contents of phosphorus Large areas 
in various parts of the world have soils so deficient m phosphorus that 
the feeds grown thereon are defiaent in phosphorus for the normal nu- 
trition of cattle 

Calcium or phosphorus deficiency, or lack of sufficient vitamin D, 
produces m young growing cattle a disease known as nckets The jomts 
of animals so affected become swollen and sore, causmg them to move 
stiffly They usually stand with the legs drawn well under the body and 
the back humped , and when walked, they act as if they were in great pain 
(Fig 104 ) If the conditionisduetoadeficiency of phosphorus, adepraved 
appetite develops, the animals will chew wood, bone, and other matenal 


^Ecxixs, Guixickson, and Palmer ^fmn Agr Expt. Sta. Tech. BuL 
HurrMAN Duncan Robinson, and Lamb Mich. Agr Expt Sta. Tech BuL 1-" 



FEEDING DAIRY CATTLE 


461 



Fig. 104. Effect of phosphorus deficiency. {Upper) Cow suffering from phos« 
phorus deficiency, showing unthrifty condition ond bone chewing depraved 
appetite. (Lower) Same cow after phosphorus has been added to the ration. 


In all cases the appetite for food declines, resulting in emaciation. The 
aflected animal becomes listless and moves about but little In nckety 
animals the bone structure becomes less dense, resulting in weak and 
brittle bones that fracture easily. (Fig. 105 ) In phosphorus deficiency the 
inorganic phosphorus content of the blood is greatly lowered. The normal 
phosphorus content in blood is about 5 milligrams per 100 cc In severe 
phosphorus deficiency, the phosphorus content of the blood may be as low 
as 1 to 2 milligrams per 100 cc. of blood. 





Fig 105 Effect upon the bone of insufficient phosphorus and vitamin • 
the ration (left) the effect of continued phosphorus deficiency, (center) e e 
of insufficient vitamin D (right) good bone Note the thin walls and porosi 
of the bones from phosphorus and vitomin D deficient diets 

If the deficiency is corrected in the early stages, recovery ^ 

effected If the disease is permitted to develop to advanced stages e 

remedial measures are undertaken, the damage done may be irrepara 
Secondary infection may set in m the joints of rickety animals, causi 
destruction of the bone tissue * c ps * 

For older animals, calcium, phosphorus and vitamin D ] 

produce somewhat different effects, as the bone is through growing 
cium and phosphorus is withdrawn, leaving the bone in a porous con ^ 
tion known as osteoporosis The most common mineral deficiency 
that of phosphorus,* the symptoms of which are as follows 

‘Bechdel Hallman Huffman and Duncan Mich Agr Expt Sta Tech BuL 
> Wallis Jour Dairy Sa 20 434 1937 
* Ectles Glluckson and Palmer Op al 
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1 Loss of appetite 

2 Stiffness \vith sore joints 

3 Arched or humped back when walking 

4 Development of depraved appetite animals 
chew wood, bones, etc 

5 Decrease in the inorganic phosphorus content 
of the blood 

6 Listlessness 

7 Bones become fragile and fracture easily 

8 Animals become emaciated 

9 Milk production decreases rapidly 
10 Repr<^uction is mterfered with 

In localities where phosphorus deficiency is severe, cows frequently 
milk for but a short time and produce calves every second year There is 
evidence that when cows suffer from phosphorus deficiency, the feeds 
are used less efficiently, this is probably due to some derangement of the 
metabolic mechanism 

Huffman^ and associates recommend 10 grams of phosphorus foi 
maintenance per 1,000 pounds live weight and 0 75 gram for each pound 
of milk produced GuUickson * recommends 10 grams phosphorus per 
1,000 pounds of live weight and 0 7 gram per pound of milk Gullickson 
also recommends a minimum of 20 grams of calcium for mamtenance 
per 1,000 pounds and 0 85 gram for each pound of milk 

As to whether there are any extended deficiencies m calcium among 
dairy cattle is still not proved Animals on a ration consisting of con- 
centrates only frequently suffer from rickct-like symptoms, but this may 
be due to a lack of sufficient vitamin D 

Calcium and phosphorus should be added to the ration whenever such 
a deficiency occurs There are a number of ways in which this may be 
done If the soil is deficient in its phosphorus content, a phosphorus fer- 
tilizer should be applied, this not only increases the phosphorus content 
of the feed but increases the yield of plants grown The phosphorus content 
of the ration may be brought up to the required level by including liberal 
amounts of high phosphorus concentrates, such as cottonseed me^, bran, 
and linseed oil meal The calcium of the ration will be adequate if the 
roughage is a legume In the event that neither of these methods is feasible, 
tliese elements may be furnished m bone meal, which contains calcium 
and phosphorus in the most desired ratio The bone meal for livestock 
feeding purposes is steamed and is usually labeled “for livestock feeding ” 
Such bone meal usually contains 30 to 35 per cent calcium and about 15 
per cent phosphorus, and the protein content is usually not over 7 5 per 
cent 

Bone meal may be fed cither by mixing u m with the concentrate or 
offered ad Itbilum Cows will usually eat what they need and no more if 
given free access to bone meal A little salt ma> be mixed with the bone 

HurruAK, Duncan, Robinson, and Laub Op at 
* Guujcksos a-vd Frrcii Minn, Agr Eitpt Sta. BuL 218 
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meal to improve the palatability Fertilizer bone meal should never be 
used for feeding cattle as it contains foul odors that are objectionable to 
them 

While bone meal is a satisfactory source of both calcium and phos- 
phorus, a number of other materials may be used Spent bone black is 
just as good a source of these tv/o elements, containing about 65 per cent 
as much of each as is found m bone meal If it can be purchased for not 
more than 65 per cent of the pnee of bone meal, it may replace bone meal 
Various rock phosphates may be used, but care should be taken to insure 
their being low in fluorine content The average rock phosphate contains 
enough fluorine to cause deterioration of the teeth and bone 

Complex mineral mixtures arc usually poor sources of phosphorus, 
the most essential mineral element that they contain Most of these mineral 
mixtures contain less than onc-third as much phosphorus as bone meal 
docs In addition to being relatively poor sources of phosphorus, they 
contain a number of ingredients few of which will be of any value to the 
animals 

lodme When iodine is deficient in the ration, the deficiency is mani- 
fested by goiter in the calves at birth This condition is quite common in 
large areas in the United Stales and Canada, being particularly prevalent 
in the Great Lakes region Goiter in calves may be prevented by feeding 
a small amount of iodine to cows during the latter half of pregnancy A 
better way is to feed iodized salt to the entire herd Iodized salt containing 
0 02 per cent potassium iodide is available on the market at a slight 
increase in cost over ordinary salt Some claim that iodine in excess of the 
amounts needed to prevent goiter is beneficial , however, this claim is at 
present lacking proof The feeding of 15 grams of potassium iodide weekly 
improved the condition of the coat, but other beneficial effects arc not 
known 

Copper and iron Copper and iron have been known to be necessary 
for the formation of hemoglobin, but until recently no known deficiency 
of these elements had been brought to the attention of students of this 
phase of cattle’s diet In Florida forage grown in some areas is so deficient 
m these elements as to produce a condition known as “saltsick,” which 
frequently is severe enough to cause death ^ The affected animals become 
emaciated, lose their appetites, and exhibit increased respiration The 
hemoglobin content of the blood drops to a very low level, and death 
may ensue because of anemia The affected animals make rapid recovery 
when fedaxmxtureoflOO parts salt, 25 parts iron oxide, and 1 part copper 
sulphate In some areas only copper is found to be deficient, while in others 
iron or both iron and copper are inadequate 

Milk IS low in Its iron and copper content, and calves continued on 
milk as the sole diet suffer from anemia The addition of iron and copper 
to such a diet prevents the onset of anemia, but milk so supplemented is 
still inadequate as the only diet for calves 


Becker, Neal, and Shelly Fla Agr Expt. Su BuL 231 
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Cobalt Within the past year cobalt has been sho\vn to be an essenual 
mineral for cattle Reports from Ne\v Zealand, Australia, Michigan, and 
Florida show that in some cobalt deficient areas, cattle respond to an 
addition of cobalt to the ration Cobalt deficient animals show a long 
rough coat of hair, scaliness of the skm, loss of appetite, and atrophy of the 
muscles In addition, the development of sexual characteristics is delayed 
and the aficcted animals are listless The hemoglobin to red blood cell ratio 
isreduced Recovery is effected by the addition of 5 0 to 10 0 mgs of cobalt 
per day to the diet 

The other minerals There is no report of cattle suffermg from a de- 
ficiency of manganese or of sulphur Calves on a milk diet alone may 
suffer from insufficient magnesium Sulphur cannot be used by the animal 
in the inorganic form , it must be supplied m the organic form in cystine or 
methionine 

The vitamins There arc five vitamins or groups of vitamins generally 
recognized , some of them are of importance m the feeding of dairy cattle 
The vitamins arc A, B complex, C, D, and E 

Vitamm A Vitamm A is a fat soluble substance synthesized in the 
ammal body from yellow plant pigments, of which carotene is the chief 
one Vitamm A is needed by the animal for growth, reproduction, milk 
production, and to give resistance to infection of epithelial surfaces of 
the eyes and respiratory tract Lack of vitamm A also affects the nervous 
system and the rods and cones of the eye 

Cattle suffering from a lack of vitamin A manifest the following symp- 
toms cessation of growth, loss of appetite, nasal discharge due to infection 
of raucous membranes, infection of the eyes, blindness m severe cases, 
muscular inco ordination, and emaciation Pregnant cows on vitamin A 
deficient rations may abort, produce dead or blind calves at normal time, 
or calves so weak at birth they do not survive ^ In other species sterility 
accompanies vitamin A deficiency (Fig 106 ) 

Vitamm A is supplied in the normal ration through the carotene content 
of the feed, one molecule of which produces two molecules of vitamm 
A Carotene is associated with the green colonng matter of plants, in 
general, feeds handled to preserve the green color will also preserve the 
carotene Carotene is very susceptible to destruction through oxidation 
Roughage that remains standing until it is mature and bleached, that 
becomes bleached m the process of curing, or that heals m the mow or 
silo will lose most of its carotene In order to supply adequate amounts 
of carotene, it is important that roughages be cured and stored in such 
a way as to preserve the carotene Haysshould be cut when siill immature 
and cured without being rained upon or exposed to excessive sunlight 

While the artificial drying of hay sis very expensive, u insures mxximum 
prescrv ation of the carotene Acid treatment of legumes and grasses w hen 
ensiled reduces fermentation and preserves the carotene Recent work 
indicates that the addition of molasses to ensiled material has the same 
effect 

• Miles A^D CovvERsc. Jour Daily Sc3< 16 317 1933 
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Fig 106. Showing the effects of vitamin A deficiency. Twin heifers, the one 
on the left having hod insufficient vitamin A. Note the smaller size and gen- 
eral unthrifty appearance of the vitomin A deficient calf. 


Cod-Uver oil, an exceedingly rich source of vitamin A, may be fed 
young stock and dry cows when the ration is known to be deficient in 
vitamin A. For milking cows, however, cod*Uver oil depresses the fat 
content of the milk and should not be used 

In addition to promoting normal growth and physiological functions 
of dairy cattle, vitamin A assumes an important role in that the amount 
present in milk is directly proportional to the amount of carotene in the 
feed * Green grass is the highest of dairy cattle feeds in carotene content, 
and the milk produced from green pasture is the highest in vitamin A. 
As one of the chief sources of vitamin A m the human diet is from butter 
and milk, the production of milk with high vitamin A content may become 
of increasing importance. 

While there is no apparent difTercncc between individual cows and 
breeds in the total vitamin A potency (vitamin A and carotene) of the 
milk produced from a given feed, there is a marked difference in the 
proportion of vitamin A and carotene secreted in the milk. In general, 
Guernseys and Jerseys convert less of the carotene into vitamin A and 
secrete more carotene in the milk than do Holstcins and Ayrshires. 

Vitamin D complex At first vitamin B was thought to be a single sub- 
stance which presented ben-ben and polyneuritis. Recent ork has shoiv n 
that several vitamins arc included, and it is now generally referred to as 
the vitamin B complex. There is no evidence that vitamin B in any of 
its different forms is needed m the ration for the normal nutrition of 
cattle Cattle undoubtedly need vitamin B but arc capable of synthesizing 
it in the rumen * Calves do not synthesize this vitamin complex. 

Vitamin C Vitamin C or ascorbic acid, like ihe vitamin B complex* 
is not needed in the ration of caitlcfor normal nutrition except for young 
calves There is also some evidence that some cases of sterility in both 
bulls and cows may be due to a low blood content of ascorbic acid. These 

> Kracu Ohio A^r Expt. Su. BuL 470 
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Fig. 107. Effect of vitamin D deficiency. This calf, offered unlimited amounts 
of grain, d(d not consume enough hay or odequote vitamin D intake. Note 
its swollen joints, bent limbs, chorocterislic pose, ond unthrifty condition. 


cases respond to subcutaneous administration of the vitamin. All green 
feeds are rich sources of ascorbic acid, which is of no avail to the bovine 
with a fiinctional rumen because the vitamin is destro>ed therein. For 
young calves the oral administration of ascorbic acid is effective. Recent 
work has showm that there is no relation between the amount of this vita- 
min in the diet and its level in the milk. 

Vitamin D} Vitamin D is absolutely essential for the normal func- 
tioning of cattle. Lack of vitamin D produces rickets in the grow’ing animal 
and osteoporosis in the mature animal, both of which have already been 
described. Adequate vitamin D in the ration is also of importance in the 
production of milk as the vitamin D content of the milk is proportional 
to the vitamin D content of the feed the cow gets * (Fig. 107.) 

Vitamin D may be secured either in the feed or by e.\posure to direct 
sunlight. Growing plants arc practically devoid of vitamin D. Cows on 
pasture only, secure all of the vitamin D from exposure to the sun. During 
the winter when cows are confined in bams, and when the sun’s ravs 
are relatively low in ultraviolet light ra>s (which produce vitamin D 
in the body), cattle are entirely dependent upon the feed for vitamin D. 

Grains contain v cr>’ little vitamin D, and therefore the chief food source 
is in the roughage. Vitamin D is produced in the forage by exposure to 
sunlight during Uic curing process. Artificially dried rays and silages arc 
poor sources of this vitamin. There is no evidence that cattle fed ficld- 

^ Hcftmas asd Associates. Jour. Diury Sd 18 511, 605* 359. 

* Olsos A.SD Waixis. S. Dak. Agr. Expt. Sta. Bui. 296., 
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cured hays suffer from vitamm D deficiency, and there is apparently 
enough vuamm D m such roughage for the requirements of the animal 
Calves securing milk with low vitamin D, and those fed gram and no 
roughage, may develop rickets It has been observed that calves allowed 
access to unlimited amounts of concentrate will develop nckets, as under 
such a condition they will eat little or no hay 

In some places special markets have been developed for “vitamm D 
milk ” Such milk contains a defimte nunimum amount of vi tamin D, 
produced by feeding irradiated yeast to the inilkmg cows at the rate of 
3 4 ounces yeast for 20 pounds of milk, the ration of yeast to milk is de- 
creased ivith increasmg production, until when a cow produces 50 pounds 
of milk, only 5 6 ounces of yeast is fed 

Vitamin E While vitamin E is necessary for reproduction in some 
species, It has been shown by extensive expenments at the Umversity of 
Minnesota that this vitamm is not needed m the diet of either cows or bulls 
for normal reproduction Four generations of cattle have been raised on a 
vitamm E free diet with better than normal fertility records A number of 
the animals on the expenments have died suddenly from heart failure 
Deaths occur usually following some such strain as exercise or following 
calvmg By electrocardiograph traemgs the heart defect can be picked up 
in otherwise normal appeanng animals 
Vitamm E is found in the germ of seeds, m green plants, and m the 
leaves of w ell preserved hay It is difficult to prepare a ration for cows that 
does not contam enough of this vitamin 

Feeding standards The soolled feeding standards deal only with 
the protein and energy requirements of the anima l The various feedmg 
standards prescribe the needs of the animal m nutnents The first feedmg 
standard was proposed in 1859 following the bcginnmg of mterest m 
agricultural chemistry and has been modified at frequent intervals smee 
that time 

In 1859 Groven proposed the first feedmg standard, basing the require- 
ments upon total crude protem carbohydrates and fat In 1864 Wolff 
offered an improvement by produemg a feedmg standard based upon 
the digestible crude protein, carbohydrate, and fat In 1896 Lehmann 
modified the \Volff standard to bring it mto accord with accumulaung 
knowledge This standard, known as the Wolff Lehmann standard, was 
widely used Hacckcr made further improvement by deiermimng the 
nutrient needs for milks of varymg richness, thu; standard, which up W 
that time had been ignored, is still in wide use for dairy cattle Savage 
made further refinements But the most comprehensive work is that of 
Momson, over a period of years, he has gathered all the new information 
on feed requirements for farm animals and incorporated the data mto 
the Momson feeding standards The latest and most comprehensive 
Momson standard was published in 1936 In the mam, each successive 
revision of the feeding standards has been characicnzcd by lower protein 
requirements 

\\hilc most of the work done on feed requirements has been on the 
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basis of digestible nutrients, others have %vorked on the energy require- 
ments The work of Kellner in Germany and of Armsby in this country 
IS outstanding Kellner proposed feeding standards stating the require- 
ments in digestible true protein and starch values Armsby extended 
and refined Kellner’s ivork and published feeding standards based upon 
digestible true protein and therms net energy These standards have not 
been popular, most people preferring to use the digestible nutrient stand- 
ards 

Haccker* s feeding standard The most comprehensive study of the nutrient 
requirements for milk production was made by Professor Haeckcr at the 
University of Minnesota This was published as the Haecker feeding 
standard, which has been used extensively in the United States In for- 
mulating his standard Haecker added about 10 per cent to what he 
actually found was required Recently Dr Gullickson ^ has reworked 
Haecker’s data and revised the Haeckcr feeding standard to the actual 
requirement as found by Haecker The revised Haecker standard agrees 
very closely with the latest revision of the Morrison standard The revised 
Haecker feeding standard is given m Table I of the Appendix 

The original Haecker standard had the requirements expressed m 
digestible crude protein, digestible carbohydrate, and digestible crude 
fat In the revised standard the requirements are expressed in terms of 
digestible crude protein and total digestible nutrients 

Use of the feeding standard The use of the feedmg standard serves to 
check the adequacy of the ration from the standpoint of the digestible 
nutrient supplied Every now and then the feeder of dairy cattle should 
check up on the requirements of the cow and ascertain how much of the 
various nutrients is supplied in the ration Only by so doing can he be 
both appraised of and put m a position to correct a possible deficiency m 
the ration As the requirements of any railkmg animal are deterimned 
from maintenance and milk produced, one must first ascertain what the 
requirements arc for maintenance, and what the requirements are for the 
amount and quality of miJk produced Assuming that the cow weighs 
1,250 pounds and produces 40 pounds of milk containing 4 per cent fat, 
upon referring to Tables I and II in the Appendix, the requirements in 
digestible crude protein and total digestible nutrients are found to be as 
follows 



1 Di^eUible Crude 
' Vt«taa 

TitU Digestible 
NutnenU 



Pautidt 

For maintenance 

7S6 

840 

For 40 pounds, 4% mdle 

1E48 

13 416 

Total required 

26Gt 

21 816 


‘ Gulucksos and FtTCii FEEDtsa Tiie DAIRY HERD Mino Act Expt Su Bui 
tl8 1938 
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After finding the requirements, the next step is to n^crMn amount 

J qual parts of oats, bran. com. and barley, from Table U m the flppcn 
the nutrients supplied are calculated as foUmis 


1 AmouDl j 

Digstible Crude 
PioLein 

Total Disttlitle 
Notnents 




pfunds 

Com Silage 


420 

S9S0 

7-593 

llixed hay 

*2 5 


1 738 

Oats 

Braa 

Com 

£arle> 

2.5 

2.5 

25 

J23 

183 

.243 

1690 

2 038 

1928 

Total 


2 189 

20 769 

Additional nutnents needed 


415 

1017 


It IS seen that the ration falls short of supplying the nMe 

415 pounds of digestible protem and 1 047 pounds of tot^ ®„jnts. 
nutrients The next step is to supply the addition J 
Referring again to Table II m the Appendix, ground ^‘nu 

to have about the nght proportions of protein to total digetiDle 

to fit the additional neens Adding 1 2o pounds of ground so> beans, 
nutrients supplied are as follows 



Digestible Prutem 

Total Dnot2>l« 
},utnata 


FniU* 

Pnnii 

Finiously suppLed 

2.189 

20 769 

Soybeans, 1.25 pounds 

421 


Total 

2 610 

21923 

Abo>e requirements 

006 

12! — 


Wiih the addition of the ground soybeans, the requirements arc 

with but a slight excess and the ration is balanced If some o 
protein feed is cheaper and easier to procure, it may be used e\cn 
an excess of protein is furnished, in order to secure the addilio 
digestible nutrients needed to meet the requirements study 

Recommended nutrient allowances for dairy cattle 
of published cxpcnmenlal work a committee * of the Nationm gisof 
Council has reported, tcntamcly, in tabular form, rccommcndc c' 

» LoosU Hcttmax, Pctxiucm and Piiuoip*. Reco mmrn dcd Nuincni 
for Dairy Cattle. Nat. Res. Coun. 1945 
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the nutnents for which sufficient information is obtainable for the various 
stages of growth, maintenance, and location This table is reproduced as 
follows 


Recommended Nutrient AiiOWA\CES for Dairy Cattle 
(Tentative) 



ExPECtan Gam 

Daily Aixon a&ce Fes Akuial * 










or 




Total 





Aniual 


Bolslem 

ible 

D gestible 

Ca 

p 

CarcH 

VICsmm 




ProtciQ 

NutnenU 



tene 

D 

Lht 

Lhi 

Lhi 

Lbt 

Us 

Cm 

Gm 


in 










50 

05 


30 


4 

3 


ISO 

^HTim 

10 

08 

45 

20 

8 

6 

6 



1 3 

1 4 

60 

30 

12 

8 

■TiB 

^Bw^B 


1 4 

16 

70 


13 

9 

12 



1 2 

1 8 

80 

65 

14 

II 

25 



08 

1 4 

85 

8o 

15 

12 

35 


^B!nrSV 

1 1 

12 

90 


IS 

12 

45 

s 



13 

9> 

KifiH 

14 

12 

60 




12 



12 

12 

70 


Maintenance * 




■■ 

■■ 






45 

60 



40 

1 

1000 




80 



60 


1200 




95 





1400 




110 


HI 



Premancy (per 1000 lbs ) 
(Last 6 to 12 weeks) 

12 

14 0 

H 

M 


t 

Lactation (per lb milk) 







3 0% fat 


(MO 

28 

1 

7 

1 

i 

4 0% fat 


045 

32 

1 

7 



5 0% fat 


050 

37 

1 

7 



6 0%, fat 


055 

42 

I 

7 




* Thiamine nbofi«>iD naao pyndoxine pantotliciiK «cd and vitanus R are synthesucd by bactena 
ID the rumen and it acpeare that adequate amouots o( these v tamtnsate furnuhed by a comb nat on of rumen 
syntbeus and natural feedatufls hlanKaneae iron, copper and cobalt are dearly essential hut the amounts 
need^ are cot known For powlh 0 6 ym Biases um is seeded per 100 pounds body weight 

* CaUessbould recenecolostrum the first few daysalter b rlh as a source of ntamm A and othere ssential 
facto s 

' While vitanua D s known to be required the data are inadequate to warrant specific figures for older 
gromng animals and for na ntenance. rcproduct on and lactatioa 

^ When caleulalme the allowances lor lactating heilcrs that are slIU growing iLts recommended that the 
hgu e for trovlM rather than ma ntaiaiu* be used 

* When adequate amounts of vitamins A and Dare fed for normal reproduct on extra amounts will probably 
not stimulate m Ik p oduct on but will increase the vitamui content of the milk 


Water Water constitutes from 70 to 80 per cent of the anunal body, 
carries the digested food matcnals into the body, carries waste products 
away from the body, helps to control the body temperature through 
evaporation from the skin, and constitutes more than 87 per cent of milk 
An animal can live longer without food than without water The water 
requirement of milkmg cows is the highest of any farm animal The 
amount of water required vanes according to the size of the cow, the 
amount of milk produced, the type of feed, and the atmospheric tem- 
perature 
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Th= water for maintenance is proportional to the siae of “ 

are tte other nutrient requirement The additional "f ^ 
mUk production vanes from 3 5 to 5 5 pounds of water for P 
of mUk produced The feed influences water requiremen 
If silaee, green forage material, or other feeds of high water conten 
ted thi additional water requirement is reduced If cows ^ 

salt regularly, the water requirement is incieased following tht: M g 
of salt The atmospheric temperature greatly influences the w 
quirement Cows may consume as much as 80 per cent more 

warm days than on cold days watpr at 

Whether cows are on pasture or m the barn, free access to 
all times produces the best results The Iowa Station report ‘tat i^n 
cows have free access to water, they dnnk, on an average, 10 timM di^S 
24 hours Free access to water in drinking cups increased milk pr 
2 8 per cent and hutterfat production 2 1 per cent as compared to 
twice daily, according to United States Department of Agriculture re^m 
The Iowa Sution reported 3 5 per cent mcreascs for mdk and 10 / ^ 
cent for hutterfat for similar expenments A number of 
prove conclusively that increased mdk production over tMt o 
when the cows are watered twice dady, results when cows have cons 
access to water, and that stdl further increases result over 
dady when dry feeds are fed When large quantities of succulent ^ 
fed twice or more daily, the advantages of free access to water 1^®®“ ^ 
SuiUbdity of the ration For a ration to be suitable, a number 
conditions must be met 


1 It must furnish all of the nutnent requirements 
m adequate amounts 

2 It must be palatable so that the cows will eat enough 

3 It must have the proper bulk 

4 Succulence may be desired 

5 It must not be too laxative or constipating 

6 It must not be injunous 

7 It must not be detrimental to the mdk 

8 It must not be too expensive 

Balanced ration enough nutrients The first essential m the 
of an adequate ration is that it contam adequate amounts of all the 
requirements The feedmg standard serves as a valuable tool m ^ 
taimng whether or not the ration is adequate in its digestible protein 
total digestible nutnent 
nunimum requirements 

either one of these values , , 

to the level of the Imvcr constituent Except for the increase m cosw 
to the usual high cost of protem, there is no harm in furnishing arg ^ 
amounts of digestible protein thw arc required as the excess 
used for energy purposes The old idea that an excess of protein is ba _ 
to the ammal is not borne out by modem knowledge The balancing o 


content Ctnc should be taken to lunui 
of both protem and total digestible j 

.. th.. 1^47/.! r^nlts Ii-dl be limited 
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WHERE THE FEED WEHT 


I HT ORl&mOWHEH’SF/Um 


-S2S9LBS- 


WPfM& SZo/oOFFEEamHT 

W^r'- FORPRoaucnm 


I /77LBSAVlFRTPmucmH 


I AT UHNERSm FM M 

WfnSVSiTrnmfTUW ^Wnnun^^^ 40% OF FEED WEHT 

mPROoocnm 

^ SZS3IBS ; — K -2/40 LB&-^ 

j— I ■ ■— Z46LBSM 

Fig 108 Illustrating the economy of liberal feeding A group of cows fed 
on limited rotions were purchaed by the University of Minnesota and fed 
liberal rotions with the above results The overage actuol fat production in> 
creased from 177 pounds to 246 pounds 


ration is essential only in reducing costs when high protein feeds are 
purchased and when such feeds are higher priced than low er protein feeds 
In order to insure adequate supply of the nunerals^ more judgment is 
required on the part of the feeder incept for common salt, which must 
be furmshed everywhere, the need for mineral supplements vanes with 
the locality and the type of feeds fed In phosphorus deficient areas and 
where roughage only is fed^ a phosphorus supplement should be used 
The guide as to the need would be the amounts the cow will consume 
ad libitum Additional calcium is probably needed where the ration is 
largely a concentrate or -where the roughage is the lo%v calcium type 
(such as timothy) gro\vn on acid soil Calcium may then be added either 
m bone meal or m marl, ground limestone, or slaked lime Iodine, as 
has been previously indicated, should be furmshed in iodized salt in areas 
knotvn to be deficient in iodine The other essential minerals are naturally 
deficient m very limited areas In such areas the proper supplement should 
be furmshed 

An adequate supply of the various vitamins is more difficult to furnish 
because the absolute need by the animal is not known and it is difficult 
to ascertain the amounts of the \arious vitamins in the feed "When well 
cured roughage is fed, tliere is no evidence that cows suffer from vitanim 
deficiency When badly bleached or partly spoiled roughage is fed, it is 
probably well to add some cod-iivcr oil to the ration, particularly if 
symptoms appear that might be due to lack of vi tamms All y oung grow mg 
cattle should have a good quality of field cured hay to insure adequate 
V itamm D 
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PdalMly Whether a cow wUl eat enough of a ^ 

requucd nutrients is. to a large extent, dependent upon 
of the ration The question of palatability is particularly important win 
h^p^J^ucng cows when roW - ■» -PP‘y major ^rnon o 
*e rriion There are marked differences in the quantities °f 
feeds that cous will eat Malt sprouts, rye, and screenings noth a la^n 
amount of mustard seed, while good from a nutritive standpomt 
unpalatable, and many cows wdl not eat mixtures " 

of these feeds When such feeds must be used they should be mixed 
ivith other more palatable feeds Molasses serves a very useful purpose m 
iDcreasmg the palatabdity of otherwise unpalatable feeds 

From the standpoint of palatability, roughages vary more than com 
centrates The factors affecting the palatabdity of roughagM arc the vaneiy 
of roughage, stage of matunty when cut, how cured, the storage, 
probably the soil upon w hich grow n Of these the stage of matunty w 
cut and the cunng are the most important factors All hays, 
the legume or the grass vanety, become more unpalatable with a v 
in matunty Ripe hays and grasses arc very unpalatable, MtUe ^ 

refuse to eat as much as one and one-hali* pounds per 100 poimos u 
weight Cunng the hay affects palatabdity to about the same extent 
tha matunty of a plant docs Hays that have been ramed upon and 
in cunng lose the factors that make for palatabdity Al^fa hay cut m 
early bud stage and cured to a pea green color is so palatable that cow 
wdl eat up to three or four pounds per 100 pounds of live weight 
Bulk Bulkmess of feed, which is due to the fiber content, is of 
tance for two reasons if the ration is too bulky, the animal docs not 
capacity to handle enough to secure the necessary nutnents, 
lacks bulk, digestive disturbances may be produced Dairy covn shave “ 
fed on nothmg but concentrates and have appeared to be normal w ^ 
calcium and vitamins A and D were supplied, this proves that 
quantities of crude fiber arc not essential for cattle However, ^^w 
concentrates are fed in large quantities, unless they arc “lighted w"^ 
some more fibrous feeds, such as bran or oats, indigestion frequen y 
residts, with the cow going “off feed ” , 

The reason for feeding concentrates to dairy cattle is to mcreasc 
nutrient mtakc The cow’s capacity for feed is limited and the hmitatio 
IS based on dry matter, one pound of gram replaces one pound of > 
By increasing the concentrate allowance, the amount of hay consum 
IS decreased, but as concentrates on the average contain 50 per cent m 
total digestible nutnents, there is an increase m the nutnent m 
SuccuUnce It is usually assumed that some succulent feed m the ra 
is essential for the best results That succulent feeds do improve the av 
ration is not to be demed, but when a good grade of legume hay is 
there is a question of the advisability of adding succulence if it adds 
cost of the ration Recent work has showin that when cows were fed a § 
grade of alfalfa hay, they produced equally well whether or not 
secured com silage 
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Fig. 109. Showing the total digestible nutrients and digestible crude protein 
for alfalfa, clover, corn, barley, and oats. It requires approximately 90 
bushels of oats to equal the total digestible nutrient content of two tons of 
alfalfa hay. 

The good results experienced when cows are on luxuriant green grass, 
which has been attributed to succulence, is due to the superior nutrient 
qualities of the immature plants. Equally good results may be obtained 
by feeding the grass in dried form. 

Effect of feeds upon milk. It has previously been noted that the flavor 
of milk and cream is dependent upon the feeds, and that many feeds 
possess compounds which pass into the milk to produce off flavors. It is, 
therefore, important that feeds be selected which will not produce unde- 
sirable flavors in the milk and cream. 

Effect of poisonous feeds upon the s^sinn. A ration should be slightly laxative 
and, of course, nonpoisonous. Some rations are constipating, leading to 
resorption of undesirable material from the digestive tract and systemic 
poisoning. Mature hajs and straws arc usually constipating. This cffarc 
may be corrected by feeding silage and bran, which are laxative. Occa- 
sionally some feeds are too laxative. The last cutting of alfalfa, if frosted, 
may prove to be scouring. ^Vhcn this is discovered, the amounts of the 
offending feed should be reduced until the trouble is corrected. 



F»g no Graph for determining the value of feeds upon the basu of the 
and cottonseed meal the value of any feed i$ indicated at the point of inter 

The number of poisonous plants encountered m the feeding of cattle 
IS greater than is generally achnosv lodged, and many cases of illness or 
death may be accounted for through forage poison While horses 
sheep may be poisoned from spoiled or moldy feed, cattle are not 
ceptible to poisons from this source Stagnant water, hovicver, may pro' 
poisonous to cattle, as may the rare contamination of botulmus organism- 
Smuts and scabs are not known to be harmful to cattle Sweet clover ) 
or silage, however, frequendy prove toxic to catdc when the hay or s 
IS not properly cured or preserved Sweet clover poisomng ma^ 
Itself by the blood losing its ability to clot , affected a nimals bleed to ea ^ 
from slight wounds Ergot, which is frequendy found m r^e, 
declmc in milk >ield, and in severe cases ma> cause the loss of ear 
hoofr, and the switch of the tail Tlw castor bean and castor bean meal ^ 
deadly poisons, and small contamination m the feed may prov e dis^tro ^ 
Selcmum is a powerful poison Many plants grown on soils hig 
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values of corn and cottonseed meol. By placing a ruler on the values of corn 
section on the scale for that feed. 


selenium content are poisonous to all livestock. Fluorine, as has previously 
been mentioned, is a poison. Animals fed acid phosphate may suffer from 
this poison; in some places the fluorine content of water is sufficiently 
high to be poisonous. Lead, coming from contamination of the feed, from 
lead sprays, or from lead paints on barns, fence, stalls, or stanchions, has 
frequently produced illness and death of cattle. A portion of the lead 
ingested will pass into the milk. Nails, wire, or other sharp metal objects, 
while not poisonous, are frequently swallowed with the feed and may 
puncture the stomach wall to enter the heart, lungs, or liver and be the 
cause of death. 

A large group of plants arc cynogcnic; that is, they produce hydro- 
cyanic or prussic acid under certain conditions. This is highly poisonous 
to livestock and produces death in a few minutes. Sudan grass, flax, 
sorghum, Johnson grass, cherry leaves, plum leaves, chokccherry leaves, 
and a number of other plants possess this compound. The hydrocyanic 
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acd .s present tn a compound tvhtch “ 

other t^n.unes Severe 

drought causes a stunting which mcreasa "’= or 

The losses from pasturing cattle on sorghums have been heavy 

'ttSuroTX'^iaLTti’alme pooonous are »Htte sn^t of 

fern, lupines, monkshood, and a nunilier of others 

Cost of the ration ,\s the production of milk is an economic ventur^ 
the cost of the ration is of paramount importance One is oonton^ ^ 
the problem of cost in both the growing and the POfO^OK of f“ds 
differences in the productivity of different sods for 
question of the cheapest feeds to grow becomes largely “ 
each manager to decide Careful allenoon should be.f'voo 'o f “wang 
crops that arc adapted to the dairy, and those that will yield the B 
amounts of digestible nutrients at the lowest cost ]^r unit should ^ 

sidcred Many dairymen persist in grow mg crops that are deemed 

m the ration but that are poor yiclders of total digestible ““‘"oo 
therefore expensive to grow Oats arc frequently low yielders ana 
expensive to grow, as is brought out in Figure 109 Com, eithcrfo gra ^ 
or silage m Northern sections, is another example of unsuiied crops n 
become expensive y ^Ahv 

When feeds are to be purchased, a method of evaluation, f ^ 

the author, is avadable which ivill indicate the cheapest feed on the 
of its nutrient content By multiplying the prices of cottonseed m^ 
corn by the constants set forth under these feeds and opposite the 
in question, and adding the two products, a figure is secured that 
value of the feed If the market price is higher than the indicated v . 
a cheaper substitute should be sought 

Example If corn is worth S20 00 and cottonseed meal S30 00 per ton* 
what are oats worth’ 


The constant for com is 

The constant for cottonseed meal i 


786 X 20 00 = S15 72 
109 X 30 00 = 3 27 

$18 99 


Oats arc worth per ton 
The constants are arrived at from first determining the value of ih^o 
feed in question from the pnee of cottonseed meal and corn As a > 
the former is the cheapest source of proteins and the latter the cbeap» 
source of total digestible nutrients (Fig 82 ) ^ 

As 100 pounds of 43 per cent protein cottonseed meal contains 
pounds of protem and 42 6 pounds of total digestible nutrients, 
pounds of com (containing 42 6 pounds of total digestible 
4 1 pounds of digestible protem) can be subtracted therefrom, 

33 5 pounds of digestible protem The difference in costs of 100 pou 
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of cottonseed meal and 57 24 pounds of corn should be charged to the 
33 5 pounds of digestible protein to give a value for digestible protein 

The formula for determining the cost for a pound of protein is 
Cost of 100 pounds of cottonseed meal — 5724 (Cost of 100 pounds of com) 
335 

Example Substituting with cottonseed meal at $50 00 per ton and corn 
at S25 00 per ton 

S2 50 - ( 5724 X SI 25) ^ 

^ = 5 328 cents 

33 5 

The value of a pound of nonprotem digestible nutrients may be arrived 
at by the folloNsing formula 

Cost of 57 24poundscom — (Value of protein X 4 1) 

42 6 

Substituting with corn at SI 25 per hundredweight and protein at 
5 328 cents per pound 

1 25 X 57 24 - (41 X 5 328) , ,,, 

42 6 

Applying the values obtamed m this way to the digestible protein and 
nonprotem digestible nutrients of different feeds, their values may be 
determined 

By considering the ratio of digestible protem to nonprotem digestible 
nutrients m relation to the ratio of these two nutrients for corn and cot- 
tonseed meal, the relative mflucnce of the prices of corn and cottonseed 
meal upon the feed m question can be determined This, together ivith 
corrections for the actual digestible protein and nonprotem digestible 
nutrients, enables the determination of constants for any feed to be applied 
to the prices of both cottonseed meal and corn for ascertaimng the actual 
value 



Chapter 42 

COMMON FEEDS: CHARACTERISTICS 
and treatment 


OLASsmcATiON o. fee::s Feeds aee ”7°“ 
trmims fl") rouehagcs, (2) concentrates, and (3) roots The roug g 
Sd &. of’iich .hEre are .hD 

Iceumes, silage, fodders, and straps The conccnlrata arc claa 
itec different ways On the basis of protein content Acy arc (1) S . 
(21 medium, and (3) low protein concentrates On the basis “f °"5‘ J 
*= ccTe als and by-products On the basn of fiber content they are 

hffht heavy, and medium concentrates lAn.ffs 

A knowkdge of the charactenst.es and ^ Jal foJ 

together with what constitutes quality m each of them, is csscnti 
mtelUgent feeduig 

ROUGHAGES 

Roughage constitutes the basis of the ration for dairy cattle 
good roughage it becomes difficult to mate a satisfacto^ 
proportion of roughage that can be used in the production of roUk is iwg r 
dependent upon the kind and quality The quality of roughage is dc^ 
ent upon the rankness of growth, per cent of the total that is leave , 
way It IS cured and stored, and the stage of maturity when it w cu 
highest quality roughage is that which has the finest stems, the 
color, the highest proportion of leaves, and is cut in the earliest stag 
maturity . 

Legume hays Legume hays are the most valuable roughages i _ 
dairy herd Legumes arc characterized by a high protein content, 

IS so essential in the dairy ration, and they are also more palatab e 
other roughages Legumes are also high in calcium content, 
adequate calcium in the ration when they are fed The effect of the s 
of maturity upon the protein content of alfalfa is characteristic or 
groups The average alfalfa hay contains 10 6 per cent digestible ^ 
if it IS cut before bloom, the digestible protein increases to more t ^ 
14 per cent — almost a 40 per cent increase ‘ At one tenth to one 
bloom the protein content is intermediate When it is m full 
digestible protein drops to below 9 per cent Crude fiber changes mv ® ^ 
with the protem m the various stages of maturity Average alfalfa con 
29 per cent crude fiber, while that cut in the prebloom stage 
about 22 per cent Palatability of the legume hays vanes about proper 
ately ivith the earlmess of cutting 

Fteds and Feeding Moensoa Pub Co , Ithaca, N Y 1936 
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Of the legumes alfalfa ranks first because of its higher protein content 
and greater palatability. Next comes lespedeza with about 90 per cent as 
much protein as alfalfa for comparable qualities, then alsike clover and 
red clover ^vith 70 to 75 per cent as much. Sweet clover yields more ton- 
nage than other hay crops but makes a rather inferior hay because it is 
coarse and stemmy. If it is not properly cured sweet clover hay may pro- 
duce sweet clover disease, which has been discussed previously. 

Soybeans, cotvpeas, ordinary field peas, and vetch are leguminous plants 
frequently grown for hay. These rank somewhat lower than alfalfa and 
clovers for dairy cattle and are mainly to be recommended for hay when 
other hay crops have failed. The vetchs and field peas may be grown for 
hay together with oats. 

Nonleguminous hays. Nonleguminous hays are characterized by 
much lower protein and calcium contents and are less palatable than the 
legumes. Early cut nonleguminous hays have the same comparative ad- 
vantages over later cut hays as have been shown for the legumes. The 
manner in which they are cured and stored affect their values in the same 
way as they affect the legumes. High protein supplements are necessary 
when any of these hays are fed to milking cows. 

Timothy hay is the most common nonlegume hay. Average timothy 
hay contains about 3 per cent digestible protein and 47 per cent tot^ 
digestible nutrients, and ranks ordinary from the standpoint of palata- 
bility. Early cut timothy hay is fairly palatable and somewhat higher in 
protein, but is still a low protein feed. It is frequently used as a mixture 
with the clovers and sometimes with alfalfa. 

Kentucky blucgrass is very common in the Northern states. It yields 
less than timothy but is somewhat more palatable, and contains a little 
more total digestible nutrients and 50 per cent more protein. Bluegrass 
in the Northern states frequently establishes itself in alfalfa and other 
perennial hay crops, finally crowding them out. 

Prairie or native hay is a variable product consisting of a number of 
different species of plants which vary with different localities. When cut 
in the early stages of maturity, it is on the average comparable to timothy 
hay. 

Johnson grass, quack grass. Western wheat grass, Italian rye grass, 
brome grass, fescues, and other perennial grasses arc used for hay. When 
cut early, they all have the same feeding values as timothy hay. 

Reed canary grass or phalaris gprass is frequently used for hay. If this 
is cut early, a hay of fair quality may be produced. Ordinary reed canary 
grass hay is coarse and lacks in palatability. Apparently the protein 
content varies with the soil upon which it is grown, as well as the stage of 
growth in which it is cut.^ 

A number of nonlegume annuals arc used for hay, principally where 
the regular hay crops fail. All of these compare favorably with timothy hay 
in composition and palatability. The chief ones in this group are Sudan 


^ Alway and Nesou. Jour. Agr. Res- 40:297. 1930. 
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g,as.and.henuU=.Anyof.hecere^gra-m^ 

„g7nc.cs. as proHlable producuon cannot be expected from these 

'"IfSders Corn and sorghums grown and cut for forage arc “ 

fodders They may be cut before ears or heads 
considerable seed development has tAen place 

they must be left on the stalks in order to qualdy “ * has^n 

maturity does not detract from the total feed value of fodders “ 
noted inth the hays With maturity the fiber of the 
this IS compensated for by the transfer of nutrients fr mrreased 

the seeds The palatability of the stalks, however, decreases with mcr 

°^tS7odders, even when apparenUy dry, contain t\vo or 
the moisture found m cured hay Largely because of this large mois 
content, they deteriorate with age and offer problems in storage 
The fodders are not desirable feeds for milking cows, they ranx 
the nonlegume hays in this respect When it becomes , -te 

fodders, high protein concentrates must be added, and 
must be fed than when good quality legumes furnish the f - ^ 

of the ration The wastage, when fodders arc fed, is much lugh 
when good hays are fed The ammals pick out the leaves and tne 
tender part of the stalk and leave the coarser portions , j r sor- 
Stovers The portion of the plant that remains after the heads o 
ghums or the ears of corn have ^en removed, is known as stover 
are of low feedmg value as most of the nutrients of the stalks have p 
into the seeds that have been removed They also rank very low m p 
bility A large proportion of the stovers be refused unless 
ground, finely cut, or shredded Except under emergency feed con i » 
stovers should not be used in the ration of m il k i n g cows j 

Straws As the seeds mature the fiber content of the stems is 
and the protein, carbohydrate, and fat content are decre^ . 
because of a transfer of the latter three to the seed Smee the P ^ ^ 

also been exposed to the weather after growth has ceased, leac 
taken place, this, together with the exposure to sunlight, j^ng 

in the soluble matenal and dcstrucuon of the vitamins The 
from mature plants from which the seeds have been removed 
tenzed by high fiber content and low contents of protein, j^g 
nutrients, vitamins, and minerak While there are variations in t e 
values of the different straws, as a whole they arc of low value an 
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not be included m the rations of milking cows The feed value of straws is 
much less than indicated by the total digestible nutrient content as a large 
amount of energy is required to masticate and digest them Wheat straw 
with 35 7 pounds of total digestible nutrients yields only 10 therms net 
energy, while timothy hay with 47 pounds of total digestible nutrients 
yields 43 therms of net energy per 100 pounds of hay 
The straws may be considered in groups according to the plants from 
which they originate, as follows cereal, legumes, grass ha>s, flax, and 
buckwheat 

Oats, barley, wheat, and rye are the common cereal stra\vs They rank 
in feeding value in the order named Oat straw has the softest and most 
pliable stem and is more leafy than the others Sometimes oat straw may 
have a fairly high feeding value, since a portion of it may be immature 
second growth Such straw has mcreased feed value in direct proportion 
to the amounts of immature plants present Barley straw ranks next to 
oat straw, but the awned varieties may cause injury to the mouth and 
throat Wheat and r>e straws are so woody and of such low feed values 
that they should never be fed 

Legume straws contam more protein than the cereal straws, but other- 
wise are no better Alfalfa, clover, and lespedeza straws are slightly more 
nutritive than those from beans, peas, and soybeans Sweet clover straw 
IS usually coarse and unpalatable but may sometimes be of fair quality 
Grass hay straws, such as timothy, bluegrass, red top, the millets, and 
phalans, are of slightly higher values than the cereal straws They have 
the same value as hay cut when the plant is mature, as but little nutrient 
material is removed with the seed except m the case of the millets 

Flax straw has a feed value equal to oat straw There is some danger 
of prussic acid poisoning from flax straw containing immature flax seeds 
Buckwheat straw has practically no feed value and may cause digestive 
trouble 


CONCENTRATES 

To no other class of livestock arc concentrates so important as to high 
producing cows Because of the high energy requirements of the heavy 
milking cow. It IS necessary that a large portion of the ration consist of 
concentrates As the capacity for feed intake is limited by the amount 
of dry matter, it is obvious that concentrates containing more than 50 
per cent more digestible nutrients than do roughages make possible much 
greater nutrient intake Since the protein requirement of the milking cow 
IS higher than that of any other farm animal, m order to supply the protem 
needs it becomes necessary to add high protein concentrates to the ration, 
especially when nonleguminous roughage is fed The kind of concentrate 
to select depends upon the needs for completing the requirement of the 
ration, and also upon the availability of the concentrate Concentrates 
may be divided into two groups — those consisting of the whole or ground 
seeds of plants, and those that are the by-products of various plant and 



DAIRY SCIENCE, SECOND EDITION 


animal products There are large numbers m each one of the two groups, 
but only the more common ones will be considered here 

SEEDS OF PLANTS 

Corn IS the most commonly used concentrate for dairy cattle In the 
com belt it is the cheapest source of enei^, being a heavy )neldmg crop 
Com ranks first among the grams as a source of cnerp, havmg more 
than 80 per cent total digestible nutrients, and it is also the lowes 
protein, wth 7 0 per cent digestible protein In addition to ^ing c m 
palatable of all feeds, it is also one of the heaviest, and if fed in quantmw 
larger than 5 or 6 pounds daily, it should be mixed wth lighter fe^, suen 
as oats or bran For average milkmg cows com may be used satisfactoniy 
as the only concentrate with a good quality of alfalfa hay 

Corn and cob meal. When the entire ear of corn is ground, the meai 
IS known as com and cob meal The ground cob has no food v^uc, ere 
fore the feed value of corn and cob meal is as much less than that ol com 
as there is cob in the meal Because the cob lightens the mixture, co 
and cob meal is preferred to ground com where large amounts arc lea 
It IS also sometimes more convement to gnnd the entire ear than to s 
the corn before gnnding u » it 

Barley is slightly lower m total digestible nutrients than com, u 
IS higher in protein Feeding tnals have shown barley to be about 
to corn for milking cows Barley is very palatable, although it is not qui 
so palatable as com Like com, barley is heavy, and when fed m large 
quantities should be mixed with lighter feeds 

Oats arc excellent for dairy cows but arc frequently overrated as 
source of energy On account of the hulls, they contain about 12 
less total digestible nutnents than com Oats are extremely variable, hg 
weights may be as much as 30 per cent less valuable than normal oa ^ 
Oats are highly palatable and may be fed alone m any amount because o 
their lightness For the same reason they serve a very useful purpose i 
lightening the concentrate mixture Oats may be used as the onl) con 
centrate wih legume hay for average producing co\%s . 

Wheat IS used for feed m years of low prices, and frosted and shnve 
wheat unsuited for raillmg purposes is u^ed constantly ^Vheat is cqaa 
corn as a feed for cows, but it is less palatable and heavier It should 
be mixed with some lighter feed The food value is apparently not affcc 
by frost or shriveling 

Rye has practically the same composition and consequent!) the sa 
nutritive value as wheat, it contains all the other characteristics, c<cep 
that It IS unpalatable It is also quite frequently contaminated wath ergo 
which adds to the lack of palatabihty, and if present m large quanti 
may “dry -off” cows . 

The sorghums — kaffir, fetenta, milo, and others, except the ^ 

ghums — rank with com m composition and feeding value They 
slightly less palatable than com 
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Emmer and spelt resemble oats m composition, paJatabiiity, lightness, 
and m feed value 

Buckwheat has a lower nutritive value than oats, it is quite unpalata- 
ble, and will cause eruptions on the skm of animals 

Flas seed, because of its high oil content, contains nearly 100 pounds of 
total digestible nutrients per 100 pounds, the highest energy value of 
any natural seed It is also high m protein Flax seed is usually too high 
pnced to be used as a feed, but when it is used it is found to be palatable 
Flax seed is very laxative, and it is sometimes used for that purpose It 
produces a soft butter when fed to milkmg cows 

Soybeans are mcreasmg in importance as a feed for dairy coivs They 
have the highest protem content (33 per cent digestible protein) of any 
natural seeds While soybeans arc fed principally as a source of protein, 
they are high in total digestible nutrients (86 per cent), exceeding com 
in this respect They are palatable and also heavy in character The 
ground beans are likely to turn rancid if kept for any length of time m 
warm weather 

Cowpeas, peas, velvet beans, and other leguminous seeds are some- 
times fed dairy cattle They are excellent sources of protein and arc quite 
palatable 

PLANT BY PROOUaS 

By-products of corn Com is used extensively m the manufacture of 
com meal and starch, which gives nse to a number of by products used 
for feeding From the manufacture of starch, com gluten me^, corn gluten 
feed, and com oil meal are secured From the manufacture of corn meal 
hominy feed is a by product 

Corn gluten meal, which consists chiefly of com gluten, contains about 
43 per cent of protein and is, therefore, one of the high protein concen- 
trates It is palatable, but a heavy feed 

Corn gluten Jeed differs from gluten meal m that besides the com gluten, 
It also contains the com bran plus some other portions of the com kernel 
It contains only about 26 per cent of protem Like corn gluten meal it is an 
excellent source of protein 

Corn germ oil meal is the residue of the com germ after the oil has been 
expressed It differs from other oil meals m havmg a much lower protein 
content 

Hominy Jeed is equal to corn in feed value , it has about the same com- 
position, and It IS somewhat lighter than corn 

By-products of wheat In the nulling of wheat for flour more than 25 
per cent of the total weight of the wheat goes into by products 

JV/ieat bran, from the outer coatings of the ivheat kernel, is one of the 
most commonly used dairy feeds Wheat bran contains about 12 pounds 
of digestible protem and 70 pounds of total digestible nutnenis per 100 
pounds It IS fairly palatable, mildly laxative, and bulky The latter makes 
It a valuable feed m lightening up heavy concentrate mixtures Wheat 
bran is also one of the best sources of phosphorus Wheat bran comes in 
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t.„ forms pure whoa, bran, and st^dard bran The ^andard 

wheat bran contains the finely ground screenings of the wheat the 

'"‘aLlrd'icto, iMImgs, or shorts, coiuis, of finer S" 

and include the wheat germs Standard wheat middlings are shgh^ 
higher in both protein and total digestible nutrient content than brM 
Z are no, so desirable as bran for feeding dairy eatde ^au^ to 
finer particles and some flour, they arc heavy and have a tende y 
form into a sticky mass when welted uncles 

Wheat germ meal has recendy assumed some importance as a feed 
being a good source of protein, wheat germ meal is a good source o 

''“By-products of barley The chief by products of barley are brewers’ 
CTams and malt sprouts _ . . , . e.«r,fain 

Brmicri’gMinrarefedbothwctanddcicd Dned brewers grainsconM 

about 23 per cent of digestible protein and 65 per cent of total *5“ 
nutrients They lack somewhat in palatabdity and should be muecl w 
more palatable feeds Because of their bulkmess, they may be used in place 
of oats or bran in the ration 

Wet brewers’ grams vary greatly in water content, the dry 
the same as for dried brewers’ grains Care must be taken in w 
weather that wet brewers’ grams are not permitted to decompow m 
mangers as odors are produced that may affect the milk Up to 30 o 

pounds of wet brewers grams may be fed to milking cows daily 

Byproducts of oats In the manufacture of oatmeal the hulls 
oats shorts are removed, and these form what is called oat feed 
material has approximately the feed value of timothy hay , 

Cottonseed by-products The two chief by products of the 
are the meals and the hulls After the cottonseed oil is expressed, 
cottonseed residue is graded upon the basis of the protein content, w ic 
varies from 25 to 43 or more per cent The difference in 
IS largely due to variations m the amount of hulls present, as 
contain only about 2 per cent of protein When the total protem ^ 

36 per cent, the product is known as cottonseed feed \Vhen all ^ 

are included, the protein content is 25 to 30 per cent and the prwuc 
known as whole pressed cottonseed The hulls have but little feed v 
Cottonseed meal is one of the cheapest and most widely used j. 

protein supplement in the ration Outside of the cotton territory the "S 
protem grades arc usually the cheaper sources of protein 
mced has gained the reputation of being poisonous to cattle 1 i^ , 
been shown not to be the case ' Animals restneted to cottonsee 
and hulb have suffered from deficiency diseases due to insufficient vita 
A, but when good roughage is fed m connection with cottonsee m 
there is no danger from injury even where ten or more pounds arc 

* Halvorsov AND Sherwood N C Agr Expt Sta-Tech But 39 1930 
HurrUAN and Monroe Jour Dairy So 13 1930 
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daily Cottonseed meal like\v'isc has been shown not to be constipating, 
as some people have claimed 

Flax seed by-products Linseed oil meal, the residue left when oil is 
extracted from the flax seed, vanes from below 30 per cent to over 37 
per cent of protein, it should always be purchased upon the basis of its 
protein content In the making of the new process oil meal the oil is 
extracted with solvents, and therefore the meal contains less oil and more 
protein than in the “old process,” where the oil is expressed by pressure 
Linseed oil meals, particularly the old process meals, are laxative, and are 
especially valuable where nonlaxativc feeds are fed Because of its popu- 
lanty, protein is usually higher priced in linseed oil meal than in cotton- 
seed meal 

Soybean and peanut oil meal. Soybean oil meal is the residue left 
when od is extracted from the soybean Soybean oil meal contains from 40 
to 48 per cent protein, and is the highest protein plant product The meal 
13 palatable and the protein is of high quality 

Peanut oil meal is of about the same composition as soybean od meal 
Screenings Screenings are so variable in composition and values that 
only the most general statements can be made Screenings should always 
be bought on the basis of the chemical composition, and should never 
be bought if they contain noxious weed seeds or seeds that produce off 
flavors in the mdk Flax screenings or other cereal screenings may contain 
a large proportion of broken seeds together with some weed seeds of high 
feed value 

Roots, tubers, pumpkins, and molasses. Roots, tubers, and pumpkins 
may be considered as watered concentrates on a dry matter basis They 
analyze about the same as low protein concentrates Mangles, rutabagas, 
stock carrots, beets, and pumpkins contain only about 10 per cent dry 
matter Ten pounds of these may, therefore, take the place of one pound 
of gram These very succident feeds are greatly valued by feeders for 
high producing cows Potatoes contain about Uvice the amount of dry 
matter as roots and pumpkins They arc not relished by cattle as well 
as are roots Roots may be fed up to 60 or more pounds per day and 
potatoes up to 40 or 50 pounds Turnips and rutabagas should be fed 
immediately after milkmg to avoid tamting the milk 

Beet pulp, the dried residue of the sugar beet after extraction of the sugar, 
IS valued lughly by feeders of milking cows It has about 10 per cent less 
total digestible nutrients than com Most people prefer to feed the dried 
beet pulp after it has been resoaked, with about four pounds of ivater to 
one pound of the dried pulp Dried beet pulp may, how ev er, be mixed >vith 
the concentrate mixture without soaking to give equally good results 
Beet pulp with molasses has slightly higher feeding value than without 
molasses 

Molasses There are two kinds of molasses used m the feeding of live- 
stock cane molasses, a by-product from the making of cane sugar, and 
beet molasses, a by-product from the making of beet sugar Both of these 
have essentially the same feed value, about 70 per cent of that for corn 
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wheat bran contains the finely ground screenings of the wheat 

''“VZt ZZt. or sbor., constst of Part.Ces than bran 

and include the wheat germs Standard wheat middlings are slig j 
higher in both protein and total digestible nutnent content than brm 
but are not so desirable as bran for feeding dairy cattle 
finer particles and some flour, they arc heavy and have a tendency 
form into a sticky mass when wetted m^.des 

Whial germ meal has recently assumed some importance as a fee 
being a good source of protein, wheat germ meal is a good source 

^ By-prLucts of barley. The chief by-producu of barley arc brewers' 
ffrains and malt sprouts 

BrrWgrmm are fed both wet and dned Dned brewers grains contm 

about 23 per cent of digestible protein and 65 per cent of total dig“ 
nutrients They lack somewhat in palatability and should be ““““ 
more palatable feeds Because of their bulkiness, they may be used in piate 


of oats or bran in the ration — -.f-r is 

Wet brcNNcrs’ grains vary greatly m water content, the dry mai 
the same as for dried brewers’ grains Care must be taken in w 
weather that wet brewers’ grains are not permuted to 35 

mangers as odors are produced that may affect the milk Up to i 
pounds of wet brewers’ grains may be fed to milking cows , . 

By>products of oats. In the manufacture of oatmeal the 
oats shorts are removed, and these form what is called oat feed 
material has approximately the feed value of timothy hay , 

Cottonseed by-products The two chief by products of the 
are the meals and the hulls After the cottonseed oil is expresse , _ 

cottonseed residue is graded upon the basis of the protein content, w 
varies from 25 to 43 or more per cent The difference in 
IS largely due to variations in the amount of hulls present, as 
contain only about 2 per cent of protem When the total protein ^ 

36 per cent, the product is known as cottonseed feed When all l e ^ 
are included, the protem content is 25 to 30 per cent and the pr uc 
known as whole pressed cottonseed The hulls have but little fee va 
Cottonseed meal is one of the cheapest and most >videl> used 
protein supplement in the ration Outside of the cotton territory t e 
protein grades are usually the cheafwr sources of protein 
meal has gamed the reputation of l»mg poisonous to cattle 
been shown not to be the case ^ Animals restricted to coltonsee 
and hulk have suffered from deficiency diseases due to insufficient 'n 
A, but when good roughage is fed m connection with cottonsee 
there is no danger from injury even where ten or more poun 
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daily Cottonseed meal likewise has been shown not to be constipating, 
as some people have claimed 

Flax seed by-products. Linseed oil meal, the residue left when oil is 
extracted from the flax seed, vanes from below 30 per cent to over 37 
per cent of protein, it should always be purchased upon the basis of its 
protein content In the making of the new process oil meal the oil is 
extracted ^vlth solvents, and therefore the meal contains less oil and more 
protein than in the “old process,” where the oil is expressed by pressure 
Lmseed oil meals, particularly the old process meals, are laxative, and are 
especially valuable \vhere nonlaxative feeds are fed Because of its popu- 
larity, protein is usually higher priced in linseed oil meal than in cotton- 
seed meal 

Soybean and peanut oil meal. Soybean oil meal is the residue left 
when oil is extracted from the soybean Soybean oil meal contains from 40 
to 48 per cent protein, and is the highest protein plant product The meal 
IS palatable and the protein is of high quality 

Peanut oil meal is of about the same composition as soybean oil meal 

Screenings Screenings are so variable in composition and values that 
only the most general statements can be made Screenings should always 
be bought on the basis of the chemical composition, and should never 
be bought if they contain noxious weed seeds or seeds that produce off 
flavors in the milk Flax screenings or other cereal screenings may contain 
a large proporUon of broken seeds together with some weed seeds of high 
feed value 

Roots, tubers, pumpkins, and molasses. Roots, tubers, and pumpkins 
may be considered as watered concentrates on a dry matter basis They 
analyze about the same as low protein concentrates Mangles, rutabagas, 
stock carrots, beets, and pumpkins contain only about 10 per cent dry 
matter Ten pounds of these may, therefore, take the place of one pound 
of grain These very succulent feeds are greatly valued by feeders for 
high producing cows Potatoes contain about twice the amount of dry 
matter as roots and pumpkins They are not relished by cattle as well 
as are roots Roots may be fed up to 60 or more pounds per day and 
potatoes up to 40 or 50 pounds Turnips and rutabagas should be fed 
immediately after milkmg to avoid tainting the milk 

Beel pulp, the dried residue of the sugar beet after extraction of the sugar, 

IS valued highly by feeders of milking cows It has about 10 per cent less 
total digestible nutrients than corn Most people prefer to feed the dried 
beet pulp after it has been resoaked, with about four pounds of water to 
one pound of the dried pulp Dried beet pulp may, however, be mixed with 
the concentrate mixture without soaking to give equally good results 
Beet pulp Nvith molasses has slightly higher feeding value than without 
molasses 

Molasses There are two kinds of molasses used in the feeding of live- 
stock cane molasses, a by-product from the making of cane sugar, and 
beet molasses, a by-product from the making of beet sugar Both of these 
have essentially the same feed value, about 70 per cent of that for corn 
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The chief difference between fcTmoTe ^ar^fSly dS 

" IS-— M " 

and should never be fed more than •*““ P 'L ^ffea It is probably 

The greatest value of Sd beeSe of it! liquid nature, it may 

the most palatable feed for unpalatable feeds 

beusedmimprovingthepalambili^of Improve the palatabUity and 

l;lemtrcrum;rr;- 

ANIMAL BY PRODUaS 

with fan success Ldie tankage and meat scraps. iMs no P" 
m some cases, may reduce the fat content of the milk It is an ex 

source of both calcium and phosphoms although 

Skim milk is an excellent source of protein, and some energy, a 
not very much = On a dry matter basis shm ^ pSnd. 
digestible protem and 86 per cent of total digestible nutrients lenp ^ 
of skim milk equals one pound of dy matter One 
has been found equal to one pound of linseed oil „ 

duction At fiist cons do not like skim milk It may be led by 
into the gram mixture to form a slop 

VARIOUS TREATMENTS OF FEEDS 
Ensiling 

One of the oldest treatments of feed to preserve and improve the f“^‘“| 
value IS that of ensiling, or preserving green fodders in piB in 
States the beginning of silage makmg goes back to .^5 and 

Silo was constructed m Michigan Since that time the interest 
silage has grown until about a million silos have been . ough 

Silage fermentation » Silage is made from green material tliro b 
natural fermentation or by acid preservation oW down the 

In natural fermentation bactena, m the absence of air, 
sugars of the green plant material principally into lactic and ^ . 

with traces of other acids and some alcohols The acid so deve ^ 

venu putrefactive bacteria from acting and decomposing ® ^^erted 
In the fermentation process some of the dry matter is lost, being ^ 

into carbon dioxide and water The exact amounts lost by tms 
not known, but probably the losses due to the silage processes 
exceed 10 per cent of the total dry matter 

» Unpubluhed diia of ihc autWt. 

1 EcMi* AND SaaLTZ Jour Dairy So N 189 1^31 

1 A.SD Bujiivtu-. Kan*. Agr ExpC Sta. Tech- BuL 2. 1916 
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Acid preservation of Silage', the A. I. V. Process. Some plants, such as grasses 
and legumes, do not contain enough sugar for fermentation of the neces- 
sary amount of acid needed for preservation. As a result attempts a* 
ensiling legumes and grasses frequently terminate in failure. Recently a 
method has been developed and patented by Virtanen of Finland in which 
a mixture of hydrochloric and sulphuric acid is added to the green 
material as it is put into the silo, to bring the acidity to that caused by 
normal fermentation. This process is known as the A. I. V. Process. The 
proponents for this method claim that in addition to enabling the making 
of silage with surety from low sugar plants, it reduces the losses from 
fermentation to practically nothing. Further, it has been shown that the 
acid preservation of the green material preserves the carotene much better 
than can be done through normal fermentation or dry curing of material. 

The Minnesota Station ^ has shown that the addition of phosphoric 
acid accomplishes the same result as the A. I. V. acids, and in addition 
adds phosphorus, which may be needed both as a nutrient and fertilizer. 
Special equipment for adding the acid must be used with both of these 
methods. Skilled attention is also needed, that the right amounts of acids 
are added. 

Preitrralion 6^ addition of molasses or sugar.* Several experiment stations 
have reported successes in preserving the material as silage by adding 
molasses or sugar solutions as the material is put into the silo. By artihcially 
'ncreasing the sugar content of the low sugar material enough acid is 
tormed for preservation of the silage. From 40 to 60 pounds of molasses 
per ton of green legumes or grasses has been found adequate. Recent 
reports indicate that the addition of molasses preserves the carotene nearly 
as well as the A. I. V. Process. Molasses has the advantage over the inor- 
ganic acids in that it is easier to handle, and if too much is added, no harm 
IS done ; whereas if too much inorganic acid is added, the material may be 
ruined for feed. 

The molasses may be diluted Avith one or two parts of water and the 
solution run into the silage cutter from an elevated barrel. 

Advantages of silage. While a dozen or more advantages may be 
listed for silage the most important ones arc as follows: 

1. The real advantage of a silo on a livestock farm is that it enables the 
saving of feed much of >vhich woiJd othcr%vise be ^vasted or ^vould de- 
teriorate in value. The silo enables the saving of feed in at least four dif- 
ferent ways: 

*. While the loss of dry matter in the silo amounts to about 10 per cent, much 
greater losses arc experienced in curing and storing such crops as com, 
sorghums, and sunflo\>crs. The Colorado Station reported 43 per cent losses 
in dry matter of corn left in small shocks. Eckles * also found a loss of 43 
per cent in dry matter for com left in the field for 134 days. 

‘ Unpublished data of Rogers 

*Hor\vood and Wells, hfich. Agr. Expt. Sta, Quart. Bui. 19, No. 2. 1936. 

Bender. Certified Milk 12.9. Aug., 1937. 

* Ech.fs. Dairy Cattle and Milk n^uction. New York. 1923. 
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In mature corn 60 to 70 per cent ct the “" 3 O to 40 per 

rmt r;=u^mSe .t^Shtu^when oCv .= 

TL”s»pacetrneedeaforstor.uga^v^^^^ 

m tUage than m the dned form when stored 

matter can be stored to the same space m the form of silage as wn 

‘"fsSernishesthechcapcstandmostsatufactory source of succulent 

'"4 Silage may be kept indefinitely wthout any 

roughages stored m the dry form contmue to deteriorate with the B 

°'5“ihng, the crop is removed from the soil immediately, leaving 

the soil free to be worked i economical 

Disadvantages of silage \Vhde on most farms “'age is warrant 

feed, there are conditions under which it becomes '*Pb“, hay u 

use Recent work has shown that when a good quality ol legu 
fed, silage is not essential for optunum mdk production 4ne ■ 
a greater yield of alfalfa can be secured than of com ne 
where it is not necessary to grow the latter, silage is not ^ 

except m so far as it may be advisable to place legumm m 
large amount of expensive equipment needed, together vn 
amount of labor requued for filling the silo, frequently g 
of silage above that ol an eqnal amount of dry matter in y 
the cost on a dry matter basis is reported to be about the sa 
silage and alfalfa hay In Wisconsin, Minnesota, and fiew 1 
of silage are reported as being considerably higher than to q 
matter in alfalfa hay , , . „mtuction has 

The belief that silage is an esscnual feed for high milk pr 
kept a number of dauy men in the Northern states grovang co 
In many places it is uneconomical because com yields are 
companion w ilh clovers or alfalfa making gn“' 

Rcqniremenu for good silage The first requirement '“J ^iis 

silage IS a good airtight silo Air leaking through the wJls o d 

spoilage of silage by molds and bactena Before the silo is fi 
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ixi the walls should be stopped, to asoid cj^tensive losses from spoilage 
The next most important factor is the quality of the material with which 
the silo IS filled The silage process does not increase the digestibihty of the 
material, it merely preserves the nutnents already present It is, therefore, 
important that the materials to be ensiled contam the optimum amount of 
nutnents For crops v\ith large seed development the more nearlj mature 
they are when ensiled, the greater wiU be the >ield and the higher the 
digestible nutrients WTien legumes and grasses are ensiled, the same stage 
of matunty that is best for hay making will produce the best silage 

Another important factor m the making of good silage is the water 
content of the matenal If the silage is too dry, water must be added or 
the matenal will not pack sufficiently to prevent spoilage from molds 
and other microorganisms If the silage is too watery, the matenal should 
be permitted to partially dry out before bemg ensiled or too sour silage is 
likely to be produced 

Another very important consideration is that the matenal to be ensiled 
must contain sufficient sugar for proper fermentation, or spoilage wall 
result from putrefaction Com, sorghums, and sunflowers ilwavs have 
enough sugars, but many other crops require the addition of sugar in 
some form, such as molasses, or the addition of the proper amounts of 
some acid to insure perfect keeping 

Value of silage m the ration The value of silage m the ration of milk- 
ing cows has been somewhat overemphasized The claims that succulence 
contnbuted materially to the economic production of milk and that silage 
has values in addiuon to its digestible nutnent content are not warranted 
by facts The value of silage is limited to its digestible nutnent content, 
plus the benefits of a slightly laxative effect vihen fed waih some rauons 
The Connecticut * and Minnesota * Stations have shown that silage fed 
m tests did not increase milk production, and increased costs jicr 100 
pounds of milk 

Definite experimental evidence is lacking as to whether silage stimulates 
the appetite, it is also not known whether more nutnents aic consumed 
in roughage when silage forms part of the ration than when onlj dry 
roughage is fed "When hays of low quality are fed, the addition of silage 
increases the amount of dry matter consumed because of its greater 
palatabihty When the hays fed are of good quality, it is questionable 
vihethcr the addition of silage will increase the consumption of dry matter 
in the total roughage 

Silages made from anything but legumes are low in their protein con- 
tent, and more high protein concentrates must be fed cows receivmg such 
silage as part of the rauon than when a legume hay is the only roughage 
fed 

Silage may be fed as a supplement to pastures during the summer 
Unless the silage is made from legumes, a protem concentrate must be 


* Wiirrt ANP J 01 P.SOV Conn A?r ExpL Sta BuL 198 1934 

* Cole, Dosovax, AND Ai-Lzx Jour Dairy Sa 20^1 1934 
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supplemented, particularly when the pasture grasses are mature and 
dried up 

Corn silage. By far the majority of silage used is made from corn The 
feeding value of corn silage depends upon the stage of matunty when 
cut Well matured corn will make a silage containing over 20 per cent 
of total digestible nutrients, whereas silage made from immature com 
with no ear formation may contain as little as 12 per cent total digestible 
nutrients Average corn silage contains about 17 per cent total digestible 
nutrients, or is about one-third the value of hay Bemg low in protein, 
com silage should be compared with the grass hays three tons of average 
corn silage equal one ton of hay m feed value Corn silage is the most 
palatable of the silages, cows having consumed over 90 pounds daily 

Dried corn fodder or stover may be ensiled If adequate water is added, 
normal fermentation will take place and a fairly normal silage will result 
Such silage is a little less palatable than that made from green material 
The fodder silage has a feed value equal to normal corn silage The stover 
silage has a much lower feed value 

Sorghum silage ^ Next to com, sorghums are the most important 
silage crops The gram sorghums — ^kaffir, milo, fetenta, etc — arc similar 
to corn in composition and produce silage equal in value to corn The 
sweet sorghums will make silage of good quality if they are mature when 
ensiled Such silage has about 90 per cent the value of good com silage 
If the sweet sorghums are immature when ensiled, a sour, less palatable 
silage results 


Silages from grasses and legumes * In the past it has been held that 
where weather conditions arc favorable for the making of good hay, there 
is no advantage m putting up grasses and legumes m the form of silage It 
was also generally believed that not as much dry matter would be con- 
sumed m silage as in the well-cured hay Recent experiments* with 
legumes cut at the same time, one part being ensiled and the other put up 
as hay, showed that more digestible protein and total nutrients were 
obtained from the silage than from the well-cured hay Significantly more 
igher vitamin A and carotene content was also obtained from 
the silage The silage was found to be at least as palatable as the hay and 
m some cases more palatable There was no significant difference in the 
cost of the two methods These results indicate that it may be well to put 
up more hay crops as silage, particularly where difficulty is expencnced m 
cunng By cmihng the hay crops, cutting can be done irrespective 
“ j ® therefore before the plant becomes too rnamre, curing 

IS difficult in many places when these crops are put up in the form of hay 

It has long been recognized that the best way to salvage legumes with 
coarse stems a nd plants that arc too mature is to make them up as silage 

‘^EDASoFira Kaos Agr Expt.Su Cir 110 
Becker and Oallup Okla Airr Exnt Sfa Uni n? 

*^RK,N, OfuoAgr Expt ^ 

Ecxles Mo Agr Expt Su BuL 162 

Reed AND FrrcK Kaos. Arr «... t>..i nt 
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Sweet clover and soybeans, because of woody steins, are most commonly 
ensiled. 

Grasses and legumes have low sugar contents and, consequently, acid is 
formed slowly in the silage making. This gives rise to decompositions that 
produce stout, undesirable odors under most conditions. These odors do 
not detract from the palatability but are objectionable from the human 
point of view. By wilting ^ the material so that not over 70 per cent and 
not less than 60 per cent of moisture is present, excellent grass and legume 
silage can be made without any preservatives being used. Soybeans * and 
peas that have seed formed in the pod have enough sugar for normal fer- 
mentation. 

When the fresh material is placed in the silo, the development of offen- 
sive odors may be prevented by the addition of either sugar or acid. The 
most common sugar used is molasses, of which 40 to 60 pounds diluted and 
mixed with the fresh cut material will develop the preserving acids in 
sufficient quantities to produce pleasantly smelling silage. About 25 
pounds of powdered whey has proven satisfactory but more difficult to 
properly incorporate in the freshly cut material. Acids may be added 
directly to the material. Hydrochloric and sulfuric acid mixtures arc 
commonly used in Northern Europe, where the technique is known as the 
A. I, V. process after A. I. .Virtanen, its developer. Acids should be added 
to bring the value down to about 4.0. Different materials will require 
different amounts of the acid. A fair amotmt will be about 15 gallons of a 
2-normal solution of equal parts of the two acids per too of green material. 
Usually linae is added to the silage when fed to counteract the effects of the 
acid. These adds are detrimental to equipment and clothing. Phosphoric 
acid is used by some with satisfactory results. Thb acid not only preserves 
the silage but is also a good source of phosphorus in the ration and for the 
soil where additional amounts of this clement is needed. 

Legume silages will have similar T. D. N. values to corn silage tvidi 
comparable amounts of moisture. The protein content, however, will be 
much higher. For grass silage, the T. D. N. values are similar to legumes 
but the protein values will vary with the stage of maturity when cut. 
Young immature grass silage may have up to 14 per cent protein on a dry 
matter basis while mature hays may be as low as 4 per cent- 

Pea vine silage * has about the same feeding value as alfalfa silage. 
The odor of this material is often offensive but not harmful to cattle nor 
will it flavor the milk from feeding. Sweet clover silage may produce the 
sweet clover disease from the same substances that are sometimes produced 
in the sweet clover hay and which prevents the blood from clotting. 

Sunflower silage.^ In cooler climates sunflowers yield much more 
nutrients than corn and are frequently used for silage. Sunflower silage 

^ SittPHERO. B D.I.M, Inf.— 38. 1946. 

* Becker, Neal, et ai- Fla. Agr. Expt. Sta. Bal. 255. 

* Moseley, Stuart, and Graves. U. S. Dept. Agr. Tech. Bui. 116. 

* Boustedt et al. NVis. Agr. Expt. Sta. BuL 425. 

Cole, Donovan, and Allen. Mion. Agr. Expt. Sta. Spec. Bui. 181. 

Kevens. 111. Agr. Expt. Sta. Bui. 2S3. 
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has only about 70 per cent of the feeding value of good corn silage and is 
rather unpalatable Where com can be grown successfully, sunflouers 
should not be used for silage 

Beet top silage * Beet tops may be preserved in piles, trench silos, or 
regular silos to form a fair silage ^vlth feeding values of approximately 
65 per cent of that of corn silage Beet tops are decidedly laxative and 
contain oxalic acid Although they arc palatable, because of these facts 
not more than 30 to 35 pounds should be fed daily 

Other Fermenting or Predigesting Processes 
At various times patented processes for fermenting or predigcstmg feeds 
have appeared upon the market Claims are made by the promoters that 
these processes increase the digestibility of roughages Some even claim 
that roughages are converted into concentrates The process consists of 
placing the ‘ ferment” with the chopped roughage into a tank, adding 
water, and allowing the mass to ferment 

Vanous experiments have shown that no value is added to the feed by 
any of these processes In many cases there are actual losses of nutrients 
by the “process ”* 


Grinding Cutting Cooking, Sookmg 
Grinding gram * It is well known that cattle do not masticate food 
t oroughly when eating Hard seeds are therefore swallowed without 
being chewed, and since, unlike the roughages, they are not regurgitated 
and rechewed, they pass on through the digestive tract On account of 
their hardness, seeds like com barley, and oats are not sufficiently acted 
upon by the digestive juices to be digested, and a large portion passes 
through undigested The Purdue Station * found that from 20 to 2y per 
cent of the oats and 30 to 35 per cent of the corn fed, were recovered m 
the feces when these grains were fed unground to dairy cows Even larger 
portions of whole sorghum seeds pass through the digestive tract 

t,rmding to medium fineness has been found to produce the best results 
L-racked com and crushed oats showed losses of 5 to 10 per cent and I 
to 2 per cent respectively Finely pulverized feeds produced 5 4 per cent 
milk than medium ground feeds, and in addition cost more to gnnd 
Whole corn and oats produced 11 2 per cent less milk than these feeds 
did when ground to medium fineness, and cracked com and crushed oats 
5 8 per cent less 

For calves up to six or eight months of age it is not necessary to gnnd the 
grmns fed , up to that age, calves masticate their food quite thoroughly 
nn ing r oughage * Grinding roughage for dairy cattle has been 


® Famieis Bui 1095 

* BuL 96 new senes Canadian Dept of Agr 

! AND Monroe Ohio Agr Expt. Su Bui 470 

* Wilbur Purdue Agr Expt Sta. Bui 372 

* ^ED^-D Burnett Mjch Agr Expt Sta. Quarterly Bui Aug , 1936 
S Dak Agr Expt Sta Bui 252 
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advocated by some who claim mcreased digestibility of the ground 
roughage This claim is not borne out by a large number of experiments, 
where it has been found that grinding sometimes decreases the digesti- 
bihty In the few cases where mcreased digestibility has been reported, 
the difference was so slight as to be insignificant Another claim for grind- 
ing the roughage is that animals cannot select one part of the roughage 
and refuse other parts This is substantiated, but for heavy milking coivs 
It IS probably best that they not be forced to eat the coarse refused rough- 
age 

Any advantages that may be gamed by the reduction of the amounts of 
roughage wasted is more than offset by the cost of grinding Grinding 
costs range from SI 75 to S3 50 per ton, depending upon the costs of labor 
and power 

The ground roughage has been found to be less palatable than the 
unground roughage 

Cutting, chopping, and shredding.^ Inasmuch as cutting roughage 
IS a rather inexpensive process, many people find it advantageous m 
preventing wastage of coarse roughages The cut roughage, too, is more 
palatable than when ground Many people cut hay for storage m the barn 
by running it through a silage cutter to increase storage capacities 
When fodders are fed, chopping or shreddmg is advisable The refused 
fodder stalks are hard to handle, while the refused portion of the cut or 
shredded material makes good bedding 

Cooking feeds. From time to time equipment for cooking feeds has 
been offered on the market with claims that cooked feeds are both more 
palatable and more digestible Numerous experiments have not only 
proved such claims false, but have shown that protein is made less di- 
gestible by heating The labor and fuel used in cooking feeds are therefore 
wasted 

Soa^ng feeds. Hard, unground grams are made more digestible by 
thorough soaking If grinding facilities arc available, grinding the grams 
and feeding them dry is to be preferred to soaLmg Feeding concentrates 
as a slop has no advantages, but increases the labor requirement and dirties 
the mangers 

Digestion processes. With the claim that the digestibility of feed 
stuffs, particularly roughages, cam be increased, several different proprie- 
tary processes have been offered For most of them the roughage is 
chopped, mixed with the concentrate, and a ferment (enzyme) is added 
\Vann water is then added at the rate of two pounds per pound of feed 
mixture, and the mass is put into a small silo like container and permitted 
to ferment for several days Expenmente have shown that little if any 
improvement in digestibility can be expected from such processes 
^ Bouctedt BT AL. \Vis AgT Expt Sta. Res Bui. 102 
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FEEDING DAIRY COWS IN 
THE BARN 


Based upon the extent that feed must be furnished the cow in the 
stall or barn, dairy feeding problems are met in the three following con- 
ditions 

1 Where all the feed must be furnished m the barn 

2 Where a portion of the feed requirements comes from pastures 

3 Where all the feed is furnished by pasture 

The problems incident to the latter two will be discussed in the follow- 
ing chapter, and therefore only the problems concerned with furmshing 
all the feed will be considered here 

The problems encountered m feeding milking cows in the bam lend 
themselves to further subdivision mto three groups The basis for this 
division IS the ratio of concentrates to roughage that is fed The three 
groups of problems are encountered under the following conditions 

1 Where liberal amounts of concentrates are fed 

2 Where no concentrates or only limited amounts are fed 

3 Forced feeding for maximum production, such as under Official 
Test conditions 

with liberal amounts of concentrates economy of 
liberal feeding As the daily milk yield of a cow increases, the amount of 
produced per umt of feed consumed also increases This is clearly 
shown m the following table, where it is seen that when a 1,200 pound cow 
IS fed 15 11 pounds of total digestible nutrients, a daily milk production of 
20 pounds may be mamtained, and only 1 32 pounds of milk is produced 
per pound of total digestible nutnents If this cow is capable of producing 
60 pounds of milk daily, 28 52 pounds of total digestible nutnents ivould 


^NOMY OF Liberal Feeding Pounds op atttit PaonucED per Pouio) of 
Total Digestible Nutrients at Various Levels op Mtut production fo® 
a 1 200 Pound Cow Producing 4 Per Cent Fat attt.k 


Millc yield, lbs. 

20 

40 

60 

T D N for maintenance lbs. 



840 

T D N for production, lbs. 

6.71 

13 42 

20 12 





Total 

1511 

21 82 

28J2 

Lbs. milk per lb T D N 

L32 

1 84 

Z1 _ 
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be required, and 2 1 pounds of milL would be produced per pound of total 
digestible nutrient Unless the feeds supplying the total digestible nutrients 
required for the daily milk production of 60 pounds are much more 
expensive than those required for the lower production, the higher pro- 
duction IS also more economical 

Liberal feeding does not pay when the costs of concentrates are un- 
usually higher in price than roughages The conditions under which this 
holds true iviU be discussed later 

Function of concentrates m the radon Concentrates serve tivo 
general purposes in the feeding of dairy cattle They permit a greater 
nutrient intake than roughages alone will, and they constitute the chief 
source of protein when low protein roughages arc fed Through the use of 
concentrates mcreased nutrient mtake is effected in two wajs by sub- 
stituting concentrates weight for weight for roughages, and by increasing 
the tot^ food mtake through the greater palatabilit) of concentrates 

Total Digestible Nutrients nt Various Proportions op Aipalpa Hay akd 
Concentrate Coixbdted to Equal 40 Pounds, with Astoun't op 4 Per Cent 
iliLK That IVIav Be Produced, Concentrate Is 2 Paris Oats, 1 Part Corn, 
AND I Part Bareev 


Akotvis j 

1 DiCEsmis Nnaams 

NcaoMTS Asequas. 
Mas. FxoorexBQt 

PEaH 

Conceatme | 

Bi7 

Coacentnle 

Tout 




fnmis 




0 

20^ 


20 56 

36.2 


s 

17 99 

3 72 

21 71 

39 7 


10 

lo42 

744 

22.86 

431 


15 

1ZS5 

11 16 

24.01 

46.5 


20 

10 23 

14 88 

1 2516 

500 

20 ; 

23 

10.23 

I8 60 

' 23.88 

610 


Concentrates, as the term implies, contain more digestible nutrients 
per unit of weight than do roughages As a cow’s capacity for feed intake 
13 limited, It IS obvious that a point is reached at which the limit of food 
mtake m roughage does not contaui the required nutnents Concentrates 
are then added to furnish additional nutnents The preceding table 
shows ihat by changing the ration from 40 pounds of alfalfa to 20 pounds 
of alfalfa and 20 poun^ of a conccntraic nuxiure, the digestible nutnent 
intake is increased from 20 56 pounds to 25 1 6 pounds This changes the 
nutnent intake from just enough to produce 36 2 pounds of 4 per cent 
milk to enough to produce 50 pounds when the cow weighs 1,200 pounds 
Concentrates, as a rule, arc more palatable than roughages, and the 
total feed intake may be greatly increased through the feedmg of conccn- 
iraics, particularly if the roughages are of poor quality By increasing the 
concentrate allowance from 20 pounds to 23 pounds when 20 pounds of 
alfalfa hay is consumed, the milk production is increased from 50 0 
pounds to 61 0 pounds. (Sec the pr«xding tabic ) 
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^Vhere low protein roughages such as the grass ha)S and com or 
sorghum silage are fed, high protein concentrates are essential to bring 
the protein content of the rauon up to the requirements Regardless of 
how much low protem roughage may be consumed and how adequate 
the total digestible nutnents may be from this source, the milk producOon, 
due to the inadequacy of protem, will be very limited For economical 
production a high protem concentrate must be added regardless of cost 

Rules for feeding As has been previously stated, the only sure way of 
ascertaining whether a milkmg cow obtains adequate nutnents is to 
calculate her needs by use of the feedmg standard and ascertam the 
nutnents in the ration fed There are, however, so-called thumb rules that 
are fairly satisfactory as guides to adequate feeding In the past the folloiv- 
mg rules have been used extensively 

1 Allow all the roughage a cow will eat. 

2 a good grade of roughage such as legumes with or without silage, 
allow 1 pound of concentrate for each 3 to 31^ pounds of milk testing be 
low 4 per cent of fat, and 1 pound of concentrate for each 2H *0 3 pounds 
of milk tesung above 4 per cent of fat 

3 Wth poor roughage such as praine or grass ha>s with or without silagc, 
feed 1 pound of concentrate for each 2)^ to 3 pounds of milk testing below 
4 per cent of fat, and 1 pound of concentrate for each 2 to 2J^ pounds of 
milk tesung above 4 per cent of fac 


Another rule is to feed one pound of concentrate daily for each pound 
of butterfat produced m a we^ 

These rules are rclauvely accurate for moderate producing cot>s, but 
supply too much nutnent for the low producers and not enough for the 
high producers To correct this fault and to partly account for greater 
use of high quality roughage, new rules have recently been devised b> 
the Bureau of Dairying ‘ and the Minnesota Station * These rules arc 
based upon the fact that a cow eatmg all the good quality roughage she 
can consume secures sufhciCDt nutnent to produce varying quantities of 
milk m addition to maintenance requirements Concentrate feeding docs 
not begin until the milk >^cId has reached a point w here aU of the nutnents 
supplied in the roughage arc used Bejond this point the concentrate is 
supplied to furnish the nutnent actually required for the additional mdh 
produced The recommendations differ for the vanous breeds, as is shown 
in the table on page 499 

Feed all the good quality roughages such as alfalfa, closer, or so)b^ 
ha) iv ith or without silage, and then concentrates according to the preced- 
ing schedule 

Although these rules arc an impro\cment upon the former, they 
inadequate for high producing cows In most cases when more than fi'"® 
pounds of concentrates arc fed, the amount of roughage consumed de 
clines \Sith h igher producing covis, therefore, more concentrate mmt 


‘ \V00DV.A&0, SllLTHCRD, AXD CkaVU. U S 
* CvLLicxsoH A^D Frrai fuj»\g the daiky 
press. 
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Amodnis op Concenteates to Be Fed When High Quality 
Roughages Ase Fed 



Feed xo Conce»t»aie U’shl 
Dazlt >Ixuc ViODoerwH 
Exceeds 

Pcpcnds o? Concexteate roH 
Each Asditioxai. Found of 
MiiE 

Bureau of Deirywe 

ATmaesotA 

Bureau of DAro'iog 

MumesoU 


P^nds 

Pfunds 

Pffundi 

Peiiiidj 

HolsteiQS 

16 


040 

42 

Brown Swiss 

U 


0 43 

45 

Ayrshire 

14 

BB 

1 0 45 

45 

Guernsey’s 

12 

12 

1 0 55 

55 

Jerseys 

10 

10 

060 

60 


be fed to replace the lessened nutrient intake due to the smaller amounts 
of roughage consumed An additional two thirds pound of concentrate 
should be allowed for each pound of decreased hay consumption or three 
pounds of sdage (3 pounds of silage are equal to one pound of hay m total 
nutnents) 

NVhcn the hay is of low quality, the rules do not apply If only one and 
one half pounds of hay are consumed per 100 pounds of live weight, the 
nutrient intake is barely enough to supply the maintenance requirements, 
and all the nutrients required for imlk production must be furnished in the 
concentrate 

When the roughage is high in protein content. When the roughage 
IS a high quality legume hay, such as alfalfa, clover, lespedeza, and soy- 
bean, the problem of feeding dairy cows becomes quae simple If these 
hays are of good quality, the cows will consume large enough quantities 
to obviate the need for high protein concentrates When concentrates are 
plenuful and art rclatwcly nu higher in price than ihe hay, the best re- 
sults \«ih high producing cows arc secur^ when the roughage is limited 
to two pounds per 100 pounds of live weight and concentrates supply the 
remainder of the nutrient requirements A 1,200 pound cow receiving 25 
pounds of alfalfa hay secures enough nutnents to produce 13 3 pounds of 
4 per cent milk besides the mamtcnancc requirements There is enough 
protein for an additional 26 6 pounds of inilk (See the table on page 500 ) 
It is obvious that the protein conicni of the concentrate is not of much 
concern A mixture of two parts cats, one part barley, and one part corn 
contains 9 35 per cent of digestible protein and 74 4 per cent of total 
digestible nutnents This mixture furnishes adequate protein for all levels 
of production when the total digestible nutrient requirements arc met and 
alfalfa is fed at the rate of two pounds per 100 pounds of hvc weight 
While com as the only concentrate would furnish adequate protein 
for high producing cows receiving two pounds of alfalfa hay per 100 pounds 
of live weight, belter results arc obtained with a mixture of concentrates 
from three or more plants \ mixture of homc-grow n grains consisting of 
two parts oats, one part barley, and one part corn will give excellent re- 
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Ndteients in Excess op IIaintenance Reqdieeiients Furnished by Vaeiox:3 
Levels op Alpalpa Hay CossimptiON por a 1,200 Pound Cow, and 
THE Amounts op 4 Per Cent ^Iilk tor Which This Is Adequate 


Excess Dicesiibix Nmans 

AiioirvT or Mu* toe Which NciEinea 
As£ Adeqcatx 

Aaoust of Hsjr 

Protea 

Tout Digestible 
Nutnests 

Digestible Proteia 

ToUl Digestible 
Nninrnts 


Pmidt 


fmads 

Pmuis 

15 

801 

- 16 

i 72 

0 


1J24 

190 

28.6 

56 

25 

1 814 

448 

399 

13A 


2361 

705 

51 2 

210 

35 

2881 

963 

62 4 

287 


3401 

12 20 

73 7 

36.4 


4444 

17_J0 

963 

517 


suits Although such a mixture furnishes adequate protein with allalfa hay 
or any other high quality legume, additional protem m the concentrate is 
believed by many to give better results for cous milkmg more than 50 
pounds daily 

When a mixture of high and low protem roughages is fed A 
mixture of high and low protein roughages is commonly fed The most 
common low protem roughages fed with legumes are the com and sor- 
ghum silages, although frequently com fodder, grass hays, and other lo>» 
prot«n roughages are fed with legumes Legume hays are also frequently 
inixrf with low protein roughages As it takes approxmiately three pounds 
of silage to equal the total digestible nutrient content of one pound of hay, 
one half of the hay is usually replaced by three times that amount of silage 
at least one pound of alfalfa hay or any equally good legume hay is 
led per 100 pounds of live weight, a concentrate mixture contaimng 10 
per cent digestible protein is adequate When low protein roughages 
constitute a considerable poruon of the ration, the amounts of roughage 
comumed wll be less than when only a good legume is fed When such 
IS the case more concentrates must be fed 
When low protem roughagci arc fed WTicn the roughage is of the 
5*^*k^**' vanety, less \m11 be consumed and more concentrates must 
^ h»5h protein hays arc fed It is also necessary 

to a a ig cr protein concentrate for low producing covss than for high 
producing co\ss Reference to the table on page 501 reveals that the low 
protein content of timothy hay (which is typical for the group) is the 
hmuing factor for milk production A 1,200 pound cow consuming 
pounds of timothy hay secures enough tot^ digestible nutnents to produce 
10 7 pxiunds of 4 per cent milk, but not enough protein to supply the 
maintenance requirement This is contrasted with the same amount of 
alfalfa hay (sec the table on page 500), which supplies enough protcio 
for 39 9 pounds of 4 per cent milk, and enough total digestible nutncnis 
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Nutrients in Excess of RUintenance Requirements Furnisbeo by Various 
Levees of Toiothy Hay Intake tor a 1,200 Pound Cow, and 
THE Amounts op 4 Per Cent Muk for Which Tins Is Adequate 


Aicoukt 
o> Hay 

Excess Dicxsrms Nciuxkts 

Auocnt or Mnx roa Wbicb 
N urunins Ats Adequate 

Frotem 

Total Difcstible 
Nutnuu 

Di^tible Frotcia 

Total Digestible 
Nulnents 

Fi>undt 

Founds 

Founds 

Founds 

Found* 

15 

-321 

-120 

0 

0 

20 

- 176 

120 

0 

36 

25 

-031 

360 

0 

10 7 

30 

114 

600 

25 

179 

35 

259 

840 

56 

250 

40 

401 

1080 

87 

32 2 

SO 

694 

15 60 

15 0 

46^ 


for 13 3 pounds For the cow producing 10 7 pounds of milk when con- 
suming 25 pounds of timothy hay, more than one-half pound additional 
digestible protein must be furnished When the one-half pound of digest- 
ible protein has been added, the nutntive requirements for maintenance 
and for production of 10 7 pounds of 4 per cent milk have been met For 
each additional pound of milk production 46 pounds of a 10 per cent 
digestible protein concentrate must be added AID per cent concentrate 
furnishes the nutrient requirements for 4 per cent milk 

The amount of high protein concentrate to be added to a low protein 
roughage depends upon how much of the latter is fed If 17J^ pounds of 
timothy hay is fed the 1,200 pound cow, only 21 pounds of digestible 
protein need be added, but the 46 pounds of the 10 per cent protein 
concentrate must be fed for each pound of milk produced When the 
cow produces 40 pounds of 4 per cent milk, one pound of com gluten feed 
and 17 pounds of a 10 per cent digestible protein concentraie arc required 

Feeding cows on limited quantities of concentrates Limiting the 
ration to roughage alone or with a small amount of concentrate supple- 
ment will not permit the highest milk production with cow’s capable of 
large production There are conditions, however, where production of 
milk from roughage alone is more profitable than higher produciion 
secured from liberal concentrate supplements As to whether roughage 
alone will be more profitable than when concentrates arc added depends 
upon the rcIaiiNc yields of roughage and concentrates, the rclatwc cost of 
the two, the quality of the roughage, and the market on which the dairy 
products arc sold 

The relative yields per acre and costs of total digestible nutrients m 
various common crops are given m the following table The total yields 
per acre arc the greatest and the costs per 100 pounds of digestible nutri- 
ents arc the lowest for alfalfa Corn sUage ranks next to alfalfa m yield 
of nutnems per acre but costs more than twice as much per unit of total 
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digestible nutnents Alfalfa hay produces about two and one -half limes ^ 
much total digestible nutnents per acre as barley and wheat, and nearly 
three ti rpt^s as much as oats Com grain yields about twice the nutnents 
that barley and wheat do Except for com, the cost of total digestible 
nutnents in grains is from two to three tunes as great as in alfalfa The 
other roughages, i\hile not as high yiclders as alfalfa, are still cheaper 
sources of nutnents than gram 

Relative milk yields from alfalfa alone and with gram Several 
expenments have been conducted to show the relative yields of milk 
alfalfa hay alone and with vanous levels of gram Moseley, Graves, and 
Shepherd reported on the yields of Holstein cow s fed alfalfa alone, alfalfa 

A\’eeage Yield per Acre op Variocs Crops, Average Cost of PROouenoN 
PER Acre, and Cost op Prodlcinc 100 Pounds of Total Digestible 

TRIENTS IN THE VARIOUS CrOPS, AS SUMUARITED PROU PUBLISHED RESULTS 
OP Crop Production Cost Studies in Eight Counties is Three States 



PE 

I Acre 

Cost op pROorenoT j 



Crop 

Feed 

Toul 

DisesuUe 

NutnesU 

Per Aoe 

Pet 100 
PmiAd* ct 
Total 
DisesUUe 
NutnesU 

Labor per 
A rtE, 

MAVHOCtS 

DicESssta 
Ncran*’* 
Piorrco 
^ jliy-son 

Com 

ButkeU 

Ptvtit 

DoBoft 

DeOcts 


ppsadt 

Gram 

4990 

r<mt 

2,243 

2621 

1 15 

17 89 

127 6 

Silage 

6.27 
BiuUlt 1 

2,220 ' 

38 22 

172 

27.52 

807 

Oats 

41 7d 

941 

2182 

2J2 

10 21 

922 

Wheat 

22 24 

1069 

26 Oo 

2.44 

12 15 


Baricy 

28 77 

rpiw 

1097 

2096 

191 

10 lo 


Clover hay 

1 03 

l,5o8 

17 81 

1 14 

7 70 

202J 

iimouiy bay 
Miied clo\er asd 

123 

1,193 

1575 

1J2 

6.21 


timothy 

142 

1,312 

17J9 

1J3 

813 

1614 

Alfalfa hay 

2.61 

2 694 

23 62 

8$ 

16 7 


So)bean hay 

1.00 

1662 

3007 

1 81 

151 



with limited grain supplement, and alfalfa with full gram supplemcnL 
The limited gram group received one pound of gram for each six poundi 
of nulk produced, while the full grain group received one pound of 
for each three pounds of milk The cows on alfalfa alone produced 70 ^ 
cent and those on limited gram 93 2 per cent as much milk as when on fuU 
gram feed The number of cows required for producing the 
amounts of milk to 100 cows on full gram, together with the acres rc 

* Graves AND Shepiiero U S Dept. Afrr 

I MesELEY, Gra\xs, AND Shepherd U S Dept. Tech Bui 11'' 
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quired to furnish the feed and the cost of producing the feed, is given in 
the table on this page 

It IS seen that the feed cost for producing any given quantity of milk 
increases with the amount of gram fed The number of acres required to 
produce the necessary feed also increases wth increased gram feeding 
Although a lower average milk yield per cow is obtained from feeding 
roughage alone, a larger yield of milk per acre of feed is attamed 


Tuiss or FEOCic 

No Of 
Covs 

No or 
Aars , 
Reqcixep 


DoUm 

Per Cent of Full 

Roughage aloue 

143 

402 

6,025 98 

74 2 

Limited gram 

1073 

444 

6,833 77 

1 84 2 

Full gram 

100 

517 

8,117 50 

1 100 


The preceding statement is based upon the supposition that both gram 
and roughage arc grown on the farm where they are used and that the 
relative yields of roughage and grams are those commonly observed 
VVhen either roughage or grains are purchased, the relative prices of the 
two should govern the amounts of concentrate fed When concentrates 
arc relatively higher in price than roughages, less gram and more rough- 
age should be fed The tables for evaluating feeds, given in the Appendix, 
serve as a valuable guide in what feeds to purchase, as well as to mdicate 
the relative costs of roughage and concentrates 
Relation between price of butter fat and profit from feeding rough- 
age alone. Profit depends mostly upon the cost of the feed and the price 
received for the product When the prices for the product arc low, it is 
necessary that feed costs also be low in order to maintain a margm of 
profit It has been shown, that when butterfat prices are from 20 to 30 
cents per pound, roughage alone brings the largest returns per cow over 
feed cosu When butterfat sells at 40 to 60 cents per pound, the limited 
grain ration produces the largest returns over feed cost With butterfat 
at 70 or more cents per pound the full gram ration produces slightly 
larger net returns per cow than does the limited grain ration 

Essentials for satisfactory returns from limited amounts of concen- 
trates or roughage alone. As to whether roughage alone wall produce 
satisfactory results in feedmg milking cows is dependent upon a number of 
factors The first and absolutely essential requisite is that the roughage be 
of excellent quality and palatable Unless roughage is of high quality 
and palatable, insufficient quantities will be consumed for adequate 
nuinent intake Except for very immature grass hays, one should never 
attempt to feed anything but high quality legumes as roughage only 
rations 

\Vhcn roughage only or limited gram rations are fed, a phosphorus 
supplement should be furnished all milking cows, because roughages as 
a whole are likely to be low ui phosphorus content A good quality of 
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bone meal furnished ad libitum is advised Unless a phosphorus supplement 
IS furnished, the appetite for feed declines, with further decrease in phos- 
phorus intake as well as other nutrients 

The relationship between the price of the product and the advisability 
of limiting or entirely omitting grain supplements has been discussed 
just previously 

Another important consideration in determining the proportion of 
concentrates and roughage that should be fed is that of general farm 
management Different soil types and weed and other problems may 
dictate the growing of certain cereal crops although they may not be as 
high yielders as certain roughages Cereal crops also have values above 
^e nutritive value of the gram Straw must be credited with a value for 
bedding 


In order to insure maximum nutnent intake from feeding roughage 
vvith or without limited gram allowance, larger quantities must be offered 
than are consumed The higher producing cow s should be allow ed enough 
so that up to 10 per cent of the hay offered is refused The refused hay 
m^ be fed horses, young stock, or dry cows, and therefore is not wasted 
eedmg for maximum production Feeding for maximum pro- 
ducuon IS, as a rule, not profiublc, but it is desired m making the largest 
p^ible records, as in Official Tesung While with increased production 
the c^fficient of efficiency mcreases (see Chapter 37), other costs increase 
out of proportion to the gam m efficient utilizaton of the feed In order to 
secure the maximum production, more expensive feeds must be used, and 
It become necessary to feed and milk more frequenUy More work is 
require for other care, and greater barn expense is incurred m furnishing 
more comfortable surroundings 

to secure maximum production, it is essential that the cow be 
j oalvmg, and that the maximum amounts of nutnents 
be furnished following calving This gives nsc to a number of problems 
not encountered in feeding for economical milk production The more 
important of these problems are the choice of feeds, the number of times 
to teed daily, getting the cow on full feed foUowmg calvmg, and prevent- 
ing the cow from “gomg off* feed r 

By careful fitting before calvmg and through expert care and liberal 
feeding when in milk, the production of good cows may be increased 50 
to 100 per «nt over that secured under good normal conditions 

L^ws on Official Test consume more feed than is required by the feedmg 

^ c milk produced The greater feed consumption is obtamed 

tough election of the most palatable feeds and frequent feeding 
Official Test cows are usually milked three and four times daily and fed 
gram each time milked 


Fitting the row for Official Test It has previously been shown that 
the condition of a cow at calvmg time has a marked influence upon the 
level of milk yield following In preparing a cow for maximum producuon 
It IS essential that she be m as goixl a condition as possible A dry period of 
at least two months is essential Many breeders prefer longer dry periods 
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During the dry period, as much concentrate should be fed as is necessary 
to get the cow into the best possible condition of flesh at calving time 
The stored fat will then serve as a reservoir to be drawn upon for railk 
production following calving The amount of concentrate to be fed will 
vary with the condition of the cow and her ability to handle feed From 
12 to 20 or more pounds are generally fed daily during this period There 
IS great variance in opinion as to the contents of the concentrate mixture 
that will give the best results As protein cannot be stored to any extent 
m the body, the amount of protein m the fitting ration is not of great 
importance 

The amounts of energy, calcium, phosphorus, and vitamin D are im- 
portant Because the cow must consume such large amounts of concentrate 
during the fitting, special attention must be given to palatability and bulk, 
as well as to the slightly laxative quality the feed should possess While 
literally hundreds of different rations may be used, the foUoivmg serves 
as an example of a good fitting ration 

100 pounds of corn meal 
100 pounds of hommy feed 
200 pounds of ground barley 
100 pounds of bran 
100 pounds of linseed oil meal 

This ration is high m energy and very palatable Ample phosphorus 
intake is assured m the bran and linseed oil meal The latter tivo also make 
the ration slightly laxative, while the bran adds the necessary bulk 

A bright, well cured alfalfa ha> as a roughage wiU insure adequate 
calcium and vitamm D Silage may be fed m addition to alfalfa hay, al- 
though this is not necessary 

Feed and care at calving Several weeks before calving the “test” cow 
should be placed in the box stall where she is to be kept for the following 
year, so that she may become thoroughly accustomed to the surroundings 

About a week or ten da>s before calvmg it is well to change the con- 
centrate portion of the ration to one of two parts each of bran and ground 
oats and one part oil meal This ration is fairly laxative and is believed by 
many to prevent the severe congestion of the udder that is commonly 
experienced with highly fitted cows immediately after cajvmg Soaked 
beet pulp as an addition to the ration at this time is preferred by many 
This ration should be continued for a few days following calving, and ’ 
then a change should be made to the concentrate mixture to be used 
during the >ear 

One of the real problems m connection with the Official Test cow feed- 
ing IS that of brmging the cow on full feed Only five or six pounds of the 
concentrate mixture should be fed to begin with on the third to fifth day 
following calving The feed should then be increased daily not to exceed 
one half pound until such time as full feed is attained Attempts at bang- 
ing a cow to full feed too rapidl> usually results in the cow going “off 
feed ” Once a cow goes “off feed” it becomes necessary to greatly reduce 
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the concentrate allowance and begin all over the problem of getting her 
on full feed As soon as a force fed cow shows any tendency of not cleaning 
up all the feed offered, the amounts offered at the next feeding should 
be drastically reduced to avoid her going “off feed ” 

“Test cow” ration. Many “test cow” feeders claim to have secret 
combinations of feed that produce better results The great variety of 
rations used to feed test cows and the excellent results obtained through 
their use tend to discredit such claims A good test cow ration fulfills the 
following requirements it is palatable, it contains the right bulk, it is 
made up of a large variety, it is fairly high in protein content, and is 
slightly laxative 

As high producing cows on test must frequently consume more than 
30 pounds of gram daily, it is important that the mixture be palatable 


Grain Mdciures for Cows on Test ‘ 



No 1 

No 2 

No 5 

No 4 


PfUtidt 

Pou»dt 

Pouikit 

Fettnd* 

Com meal 

200 

100 



Cottonseed meal 

100 



100 

Distillers’ dned Rrain 




200 

Dned beet pulp 

100 




Gluten feed 

100 



125 

Gluten meal 





Ground oats 

100 



125 

Hommy feed 





Lmseed oil meal 

100 



SO 

Wheat bran 

100 

300 

400 

200 


Because variety aids in making the mixhire palatable, five or more feeds 
should be used in the mixture Many improve the palatability of the 
concentrate by adding two to three pounds of molasses cither by pouring 
the molasses over the grain feed or by diluting it with two parts of water 
and mixing it with the concentrate 

While too high protein content of the ration should be avoided because 
It may result in possible damage to the animal, more protein should be 
furnished the test cow than is called for by the feeding standard Protein 
has a stimulating effect upon milk production, and although protein is 
expensive this is taken advantage of in feeding test cows When a legume 
hay is used as the roughage, the concentrate should have from 16 to 20 
per cent protein 

To lighten the concentrate mixture bran, oats, beet pulp, and dned 
brewers grams are used quite freely Morrison advises a fat content of 
per cent for test cow rations Ground flax and ground soybeans arc 
frequently used to increase the fat content of the ration 

A succulent feed is of more importance m the test cow ration than m 


1 Nevenj. 111. Agr Expt Sta. Circ. 272 



lEEDlNG DAIRY COWS IN THE BARN 


507 


the regular dairy ration. Succulence may be provided in silage, roots, or 
beet pulp. Roots and beet pulp are preferred over corn silage. Up to 50 
or 60 pounds of sliced mangels may be fed daily. When beet pulp is the 
only source of succulence, ten pounds of the dried pulp soated in water 
are usually fed daily. 

While hundreds of different test cow rations have been used successfully, 
the table above, taken from Nevens, serves as a guide to the type of rations 
used. 

One hundred pounds of distillers* grains may be replaced by 1 00 pounds 
of gluten feed or 200 pounds of wheat bran. 



• Chapter 44 


FEEDING COWS ON PASTURE 


Importance One of the most important but generally neglected 
factors m economical milk production is that of pasture Good pasture is 
capable of supporting higher milk production than ordinary barn feeding 
Most cows when turned out on good pasture from good barn feeding will 
increase their milk yields The average pasture, houever, is good for but a 
short time The rest of the season it is an adequate source of nutrients for 
the milking cow and must be supplemented by hay, concentrate, or soilage 
crops 

The adequacy of pasture for milk production depends upon the ma* 
tunty, abundance, and the kind of plants Supplying an abundance of 
pasture m the right stage of maturity throughout the entire pasture season 
IS a real problem The difference in the rate with which plants grow due 
to the season and the amount of rainfall inffuence pasture values from 
one part of the season to another This gives nse to the problem of properly 
supplementing pasture in seasons of inadequacy 

Nature of young pasture grass ‘ Pasture grass has often been referred 
to as a concentrate, this is partially correct Young pasture grass, regard- 
less of species or variety, is characterized by relatively low filjfr, high 
protein, and high water contents Grasses of less than three weeks* growth 
average about 22 to 25 per cent protein, less than 18 per cent crude fiber 
on a dry matter basis, and about 25 per cent dry matter Crude fiber con- 
tent is the chief criterion of whether a feed is a roughage or a concentrate 
The crude fiber content of young pasture grass is intermediate bct%vecn 
that of a roughage and a suitable concentrate for dairy cows The crude 
fiber content of average alfalfa hay is 29 per cent, and of a mixture of two 
parts oats, one part barley, and one part corn, it is 7 3 per cent ration 
consisting of equal parts by weight of alfalfa and this gram mixture con- 
tains the same amount of crude fiber that young pasture grass does 

The protein content of young pasture grass is more than adequate 
to supply the needs of the highest producing cows The nutritive ratio 
IS less than 1 3 or 1 4 >vhere a nutritive ratio of 1 6 or 7 is adequate for 
average producing cows 

The mineral content of pasture grass is dependent upon the species 
of plants and the fertility of the soil Legumes arc always certain to contain 
enough calcium, isAffe nonlegumcs on acid soil may not The phosphorus 
content of both le^mes and nonlegumes is dependent upon the phos- 
phorus content of the soil upon which they are grown Regardless of the 


Ellenbercer NewVander and Jones Vt Agr ExpU Sta, Bui 295 1929 

Lush Proc. Am SoeV^n Prod Pages 91-94 1932 

Orr. Minerals in Pastures^Rowett Research Institute 1927 
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FR6QUENCy OF CUTTING 

Fig ni Effect af maturity upon the composition of pasture grass With the 
exception of the line for “dry matter,* the values are on a dry matter basis 


species or the /erUlily of the soil, young pasture grass contains more of 
both calcium and phosphorus than do mature plants Only m extreme 
soil deficiencies ivill there be any danger of either calcium or phosphorus 
deficiency in milking conns grazing on abundant young pasture grass 
Green pasture grass furnishes an abundance of carotene, the precursor 
of vitamin A While young groNving grass is devoid of vitaram D, there is 
no danger of animals grazing on grass suffering from lack of sufficient 
vitamin D, as the exposure of the anmial to sunlight while grazmg insures 
adequate vitamin D formation m the body 

Relation of the stage of maturity to composition Pasture grass 
declines rapidly as a source of adequate nutrients for high milk production 
because of the lowered nutritive value due to advance in maturity, and 
also because of scarcity due to a slow ing up of growth Figure 111, adapted 
from reports from Vermont,* pictures graphically what happens to the 
composition of mixed pasture grass with advance in maturity Crude fiber 
increases from about 17 per cent for the Uno weeks* old grass to 30 per cent 
for the mature grass, protein decreases from about 22 5 per cent to about 7 
* Ellesberoer, NzNsiJkSOER, ANO Jones Op cit 
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per cent, all on a dry matter basis Ash and fat likewise decrease with 
advance m maturity Nitrogen free extract and dry matter increase with 
maturity 

Obviously the mature grass is too low in protein content to satisfy the 
requirements of milking cows The increased fiber content and the ac- 
companying lowered palatabiliiy reduce the total nutrient intake, result- 
ing in the declines m milk production so generally experienced where such 
pastures are not properly supplemented 

While legume grasses when young are of the same chemical composition 
(except for calcium, in which they are higher) as the other pasture plants, 
they do not decline so rapidly in protein content with advance in matunty 
Mature legumes as a rule contain enough protein for milk production 
Amount of grass a cow will consume. The amount of grass a cow will 
consume from grazing depends upon the palatability and abundance of 
the pasture, and also upon the inherent capacity of the cow Only meager 
experimental evidence is available as to the amount of grass a cow will 
graze In one experiment where Holstein cows were fed grass clipped 
from imgated pastures, from 122 to 152 pounds of the green grass ivere 
consumed per day * This was calculated to supply sufficient nutrients to 
maintain the cow and the milk production of 37 pounds daily 
Woodward * grazed Holstein and Jersey cows on orchard grass and 
white clover pastures, and on lespedeza orchard grass and white clover 
e found wide variations in the amounts of grass consumed Holsteins 
consumed more grass than the Jerseys but not in proportion to the body 
amount of grass consumed depended upon the luxuriance 
of the pasture A cow cannot graze more than 6 per cent of the total grass 
on one acre and a limit of 150 pounds for one day, regardless of the 
luxuriance of the growth For a cow to graze the limit of her capacity, the 
pasture must have 2,500 or more pounds of grass per acre 

Inspection of Woodward’s data reveals that the cows consume more 
total weight of grass and more total digestible nutrients from the pasture 
in the early spring than during the summer The amounts eaten are in 
agreement with the total amount of grass per acre 

Yields of nutrients and milk from pasture. The yields from pasture 
vary wit m wide limits due to the influence of a number of factors The 
type an stand of the herbage, soil fertility, climatic conditions, and close- 
ness o grazing are very important factors influencing the yields of pasture 
in nutrients and milk Vermont * reports a range of 128 to 3,506 pounds 
o ry matter eaten per acre for variom types of pastures studied The 
milk yield reported per acre for these pastures varied from 120 to 3,160 
pounds 

The yield of a plant used for pasture is usually less than when it ^ 
permitted to grow to matunty Different plants vary in this respect. 


U S Dept Agr Tech BuL381 1933. 
* WOODWARD Jour Dairy Sci 19 347 1936 ^ ® 

*Ellenbercer,Newlander, AND Jones Op at 
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Studies reported by Cornell University ^ in which the grass ivas clipped 
gave the foUowng yields of dry matter per acre and the percentage of 
dry matter m the grass as compared to the same cut for hay. 

Yields op Grass Clippings 


Gnus 

1 Compared to 

1 Grass Cut 

1 tor Hay 

per Acre 1 

1 Grtss 

Compared ta 
Grass Cut 
for Hay 

Dry ifitcer 
per Acte 


Pet CaU 

' PtUlldt 1 


Per Cent 

Pound* 

Timothy 

405 

1,4S4 

, Bltiegrass 

U3l 

\ 1,387 

Red top 

76J 

1,557 

1 F-n£?tsh lye grass 


1 1,557 

Meadow fescue 

74 3 

1,665 

' Bmme grass 

70 2 

! 1,690 

Orchard grass 

59 9 

1,711 

. Tall oat grass 

510 

2,0« 


The Ohio Station * reports good permanent pasture yielding slightly 
less dry matter per acre than a rotation of corn, wheat, and hay, but more 
protein White,® on the other hand, reports slightly more total digestible 
nutrients (1,560 pounds) and nearly three times as much protem (344 
pounds) from go^ pasture as from a rotation of corn, oats, wheat, and 
hay which averaged 1,463 pounds of total digestible nutrients and 119 
pounds of digestible protein per acre Under irrigation, yields up to 7,000 
pounds of dry matter per acre have been reported It is clear from the 
foregoing data that no average figure can be given representing the yields 
of pasture It is also obvious that under favorable conditions, pastures may 
yield nutrients that compare favorably with those from rotation crops 
at much less expense 

Cost of pastures. While the yield of good pasture m terms of total 
digestible nutnents compares favorably with that of ordinary rotation 
crops, the costs ofpasture are much lower Misner,*cc>mp*anng thereJalive 
economy of producing milk on pasture and during the winter, found the 
feed costs on pasture to be SO 097 and on dry feed to be SO 380 per day per 
coiv The product ivas worth SO 34 White, comparing the labor costs per 
acre of ptisturc and rotational crops of corn, oats, wheat, and hay, found 
the former to be SO 70 and the latter $14 90 per year 

Effect of grazing upon yields of pasture. Yields of pasture grasses are 
greatly reduced by too early grazing in the spring, too dose grazing, and 
by trampling Turning the cows out on pasture before the grass has had 
a good start reduces the yield for the rest of the season In addition the 
early pasture grass is low m dry matter, and consequently the cows secure 
inadequate nutnents Milk production on the early grass is made, to a 
large extent, from the body reserves, which in many cases become ex- 
hausted by the time the pasture is in its prime Under these conditions 


‘ WjeoANS Cornell Agr Expt. Sla Bui 424 1923 

* OoDo Asn Salter OluoAgr Expt. Sta Ext Bui 154 

* Wunx Jour Am Soc. Agron 21 589 1929 

* U S Dept Agr Muc. pub 194 J934 
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maximum milk yield from good pasture cannot be attained The height 
which pasture grass should have attained before pasturing begins vanes 
with the type of grass Four inches for bluegrass and prairie grasses and 
SIX inches for other grasses are the probable minimum heights for the best 
results 

Too close grazing has the same depressing effect upon pasture yields 
that too early grazing has For the plants to make rapid growth, a definite 
minimum amount of leaves are required Over -grazing reduces the 
amount of herbage per acre and, as a result, the cotvs must cover a larger 
area to secure the needed grass This also results in more danger from 
trampling 

Pasture management On most dairy farms no crop producing land 
will yield larger returns from intelligent management than will pastures 
As a rule pastures are the most neglected of all the crops The land un- 
suited for cultivation is set aside for permanent pasture, as it should be, 
but, as a rule, no effort is put forth for its improvement Pastures in crop 
rotations are usually given a little more attention, but further effort toward 
improvement will brmg fruitful results The more important consider- 
ations m pasture improvement are avoiding too early grazing, avoiding 
overgrazing, seeding, introducing the best varieties of plants, applying 
the appropriate fertilizer, and controlling weeds 

The effects of too early grazing and overgrazmg have already been 
discussed Too early grazing is avoided by keeping the cattle off the pasture 
until the herbage has a suflftetent start Overgrazing can be avoided by 
keeping the number of cattle down to the carrying capacity of the pasture 
The effects of overgrazing may also be avoided by the practice of rotational 
grazmg When the pasture is divided into two or more parts and grazing 
IS permitted on but one part at a time, the grass is given a rest period for 
developing foliage , this results in an increased rate of growth This system 
of grazing also furnishes more luxuriant pasture for the cattle and less 
damage to the grass from trampling 

Space does not permit a discussion of the best species and vanelies for 
pasture in the different sections However, different sections require 
different mixtures of plants for the best results When pastures are part 
of the crop rotation plans, those species and varieties of plants should be 
chosen that give the best results Permanent pastures should be seeded 
frequently to produce the right density of the most desirable species 

In many instances, the addition of fertilizer to pastures produces 
astounding results When fertilizers are needed, the application of the 
right fertilizer not only increases the y leld of pasture herbage, but produces 
a feed of higher nutritional value 

^ Control of weeds in a pasture is of importance from two standpoints 
' First, since weeds greatly reduce the yield of the desirable pasture herbage, 
the yields are greatly increased by weed control Second, by weed control 
pastures the off flavors which many weeds impart to the milk may be 
avoided Weeds may be fairly well controlled by periodic mowing This 
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and less palatable pasture plants arc removed, permittmg young growth 
to be made available for graaing 

Pasture supplements The pasture should be supplemented for high 
producing cows and for all cattle when die grasses become short As has 
been previously indicated, the best pasture is not adequate for more than 
40 to 50 pounds of milk yield daily, and cows milking more than that 
should have a concentrate supplement A larger problem in supplementing 
pastures is met when the pasture yields decline to a point of inadequacy 
for the grazing cattle Due to the change m the rate of growth of pasture 
herbage with different parts of the season and the differences m rainfall 
and other climatic conditions, the yields of pasture vary greatly with the 
advance of the pasture season The pasture of the Umted States Depart- 
ment of Agriculture Experiment Station at Beitsvillc, Maryland, in May 
yielded tivice as much as m June and three times as much as m August 
and September In Florida a steady increase m pasture yields from May 
to the highest point in August is reported In Vermont the yield of pasture 
grass IS reported to be the greatest in June, with but slightly lower yields 
for May, July, and August In the North Central states the pastures are 
the best m June, drop to a low in July and August, and then improve m 
September and early October 

These differences m the rate of growth of pasture grasses present a real 
problem If sufficient cattle are pastured durmg the season of optimum 
growth to utilize the growth, there will be a shortage of pasture dunng 
the other parts of the season If the number of carde is limited for the 
pasture dunng the slower growing season, the quality of the pasture will 
be lowered because the plants will become mature during the rapid grow- 
ing season To gee the most out of pastures, the number of cattle should be 
adjusted to correct pasturing dunng the optimum growth, and supple- 
ments should be furnished for the rest of the pasture season Declimng 
pastures may ’oe supp’lemented m vanous ways 'Tne more common supple- 
ments to pasture are soilage crops, other pastures, concentrates, hay, and 
sUage 

Soilage crops Soilage crops cut and fed when green arc often used as a 
supplement to pasture and sometimes as the only source of roughage 
Alfalfa, clover, corn sorghum, Sudan grass, and other crops may be used 
Soilage crops are like pasture grass in composition and may be planted in 
succession to furnish an abundance of green material to supplement de- 
clining pasture Such crops as alfalfa and the clovers, which may cause 
bloat when pastured, may be fed as soilage crops with little danger The 
yields as soilage crops are also greater than when pastured The advan- 
tages of “soiling,” however, arc more than offset by the cost m cutung, 
hauling, and feeding the green material ‘ 

Supplementary pastures One of the most satisfactory means of meeting 
the problem of supplementing declimog pastures is to furnish supple- 
mentary pastures Suitable acreage should be provided of some crop 


* McCandlxsh la, Agr Expt Sta. BuL 201 
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F g 112 Pasture regions of the United States The pasture plants adopted 
to each of these reg ons are given in the tables on pages 516 end 517 


having a maximum growth during the period of poor growth for the 
regular pasture At the proper time the cattle may be turned on the 
supplementary pasture to give the regular pasture a rest and chance to 
recuperate When rotational grazing is practiced, the supplementary 
pasture adds one more plot to the rotation Sudan grass, soybeans, clovers, 
millet, and many other crops may be used for these pastures 

ConceniraUs Concentrates form the most common, although expensive, 
supplement to pastures On the best of pastures cows producing over 40 
pounds of milk daily should be allowed concentrates at the rate of one 
pound for each two to four pounds of milk produced above 40 pounds 
With poorer pastures all milking cows should be fed concentrates unless 
some other supplement is available Unless the pasture grass is ma urc m 
the latter part of the pasture season, no attention need be paid to the pro- 
iwn content of the concentrate supplement as green herbage furnishes an 
abundance of protein If the pasture is mature and consists largely of 
grasses, then it is necessary to furnish a concentrate with at least 10 per 
cent of digestible protein 

The amount of concentrate to feed milking cows on pasture depends 
entirely upon the condition of the pasture In many cases the gram 
allowance on pasture should be that recommended for winter feeding 

Ilajf and silage as pasture supplemenU Good quality hay and silage are 
excellent supplements to pasture Tnals have shown Uicsc to be cheaper 
and as desirable as soilage crops When they arc used as suppicmenu w 
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In some sections the danger of losses from bloat is so great that alfalfa 
is not pastured. In other sections alfalfa tna> be pastured without any 
difficulty from this source being experienced. The hlichigan * and South 


The Regional .Vdaitation, Palatability, and Season for Grazing or the 
More Common Grasses for Permanent Pastures* 
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Dakota Stations ^ pastured alfalfa for several seasons and report that no 
bloat was experienced Frazer ® reports unusual raiJk yields from pastur- 
ing alfalfa and that little difficulty was CNpencnced with bloat Red clovers 
and sweet clover may also produce bloat under certain conditions Pro- 
cedures recommended by the Michigan Station to prevent bloat follow 

1 Keep water and salt available at ail times 

2 Give the animals a fill of dry feed before turning them on the 
alfalfa 


The Regional Adaptation, Palatability, and Season for Grazing of the 
More Coidjon Legumes Used for Permanent Pastures’ 


Name 

Refio&al Adaptattoa 

Degree of 
PalatabiUty 

Season for Grazing 

AlfaUa (J/edtcase soliia) 

, All regions where mo stute is suf 

Veiy bigb 

Spring to early 


1 fioent but only tocdly in 


falL Winter 


1 Rgioa 2 


grazing in 
Southwest when 
irrigated 

AUikc clover {TrtfoUuM 

Chiefly region 1 and secuon 5 a u 

Vcjy high 

Early spnag and 

hibrtdum) 

sections 3 a and 4-a if moisture 
li sufioent mater tzop in 
regioa 2 

fall 


Red clover {Trt/eJtum 

Ditta 

Very high 

Early spring to 

praierue) 



fab 

Mammoth ted cloi'et I 

Region I chiedy section 1-a 

High 

Early spnag to 

[Tn/olturn praUnst 

VOf) 



fall 

tVhite clover (Tnfcltum 

All regions where moisture is su£ 

Very high 

Early spnag and 

reptru) 

aeot 


fab 

I*dmo clover (Xrifahum 

Sections 4-a 5-a. and 5 b 

Vciy high 

Spnag to fab 

re pens tar ) 

I<east hop clover (Xnfoltutrt 

Sections 2 a and S a and parts of i 

High i 

Spring 

dulnum) 

section 1 b i 


Low hop dover {Tr\fohum 

Section 2 a and southern pact of 

Very high 

Spring 

profumbens ) 

sectioa l b 



Strawberry d^er 

Loc^y m sections 3-a 4-a, and 

Very high 

Spnng to fall 

(.TnfoUum fragiferum) 

5 a 



Sour dover or annual 

RegKKi 2 and sections 3 b 4-b and 

hledium 

\\ inter and early 

melilot {iltldotus tnitcai 

S b 


spnng 

Yellow trefoil or black 

Region 2 and section 1 b 

, Very high 

Early spnng to 

medic {ifedtcago 
lupultm) 



late fall 

Calilottua bui-dover 

Sections 3'b d'b and Sdi if mf 

High 

Fall to spnng 

(UedKaga hKptda) 

ficienC moisture also eastern 
Texas and Oklahimia 



Southern bur-dovtr 

Rcgioa 2 and section d-b 

High 

Fall to spnng 

{itedtcage arohtca) 
Common lespedeza 

Region 2 and secUon 1 b 

High 

Elarly summer to 




faU 

Korean lespedeza 

Section 1 b 

High 

Early summon to 

{Lespede^ sliptdacti) 



fab 

Sweet dover 

Region 1 

High 

Spnng to fab 


‘ Oi^v AND RoeinjXjn S Dak BuU 265 1931 

* Frazer Hoard s Dairyman 81 56 1936 

* VlKAU AND EnLOW Op 
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3 Keep the animals on the pasture continuously after once being 
turned on 

By letting the legumes come into bloom before pastunng the danger 
from bloat is minimized, but this is not always practical, also, the most 
valuable time of pastunng is lost 

When legumes, especially alfalfa and sweet clover, are grazed too 
closely, the stand is greatly injured It is, therefore, essential that these 
legumes are not overgrazed 

Supplementary pastures In most cases the cheapest and most satisfactory 
supplement to the regular pasture when its productivity is low is some 
other pasture Supplementary pastures may be needed in the early spring 
before the regular pasture gets a good start, dunng the summer when the 
regular pasture is unproductive due to heat and drought, and in the late 
fall 

In the summer and early fall supplementary pasture may be furnished 
by a number of crops The second crop of legumes may be used after the 
first crop has been cut for hay The first year’s seeding of sweet clover has 
usually attained sufficient growth by summer to furnish good supplemental 
pasture High yielding crops making maximum growths dunng the sum- 
mer may be specially seeded for pasture Of these, Sudan grass and soy- 
beans for the North, and cowpeas, Napier grass, and Kudzu for the South, 
we especially well adapted for temporary grazmg While the grazmg 
for these crops is short, the yields are heavy and only a relatively small 
acreage is required to furnish adequate pasture dunng the unproductive 
penod of the regular pasture 

For late fdl and early spring the cereal grams— rye, wheat, and oats— 
furnish excellent pasture Winter wheat and rye may be pastured dunng 
^ late fall and ivinter without any apparent damage to the yield of g'ain 
These crops make their maximum growths dunng cool weather Dunng 
wet weather, annual crops cannot be pastured without senous damage to 
the crop, due to tramplmg 

Emagency pastures Sometimes the stands m the regular pasture arc 
grea y reduced or entirely destroyed because of droughts, wmter -killing, 
or other cai^, and it becomes necessary to establish emergency pastures 
1-or the early part of the season the small grains will the most rapid 
growth following planting In the summer and fall the crops discussed 
under supplementary pastures are satisfactory 




Chapter 45 


CHEMICAL CONSTITUENTS 
OF MILK 


Milk is the physiologic secretion of a normally functioning 
mammary gland The females of all mammalia normally secrete milk 
following parturition The milk from the cow is the most commonly and 
extensively used for human food However, milk from the goat, water 
buffalo, zebu, sheep, llama, camel, marc, and remdeer, and sometimes 
from still other species, is used m various parts of the world 

Milk IS a very complex substance possessmg many chemical and physical 
properties, a knowledge of which is essential to the proper understanding 
of not only the milk itself, but its many products and the processes mvolved 
in us manufacture The chemical composition of milk is generally con- 
sidered from the standpoint of groups of cheuucal compounds From this 
standpoint, milk consists of water, fat, nitrogen compounds (proteins), 
sugar, mineral matter, vitamins, and minor constituents 

General properties of milk. To the casual observer, milk is a fluid 
varying from a bluish white to a >eIIowish white color It is opaque except 
when m very thm layers Upon drying it becomes sticky and adhesive 
Freshly drawn milk has a sweetish odor that is no doubt due to the gases 
It contains It may also have various other odors depending upon the 
kinds of feed that have been fed 

The taste is slightly sweet The flavor is largely dependent upon the kind 
of feed from which it has been produced 

Variations m composition. The chemical composition of milk vanes 
not only with the species but also with the individual, and because of a 
number of other factors The factors influencing the quality and quantity 
of cows’ milk are discussed in Chapter 33 While this discussion is chiefly 
Concerned with cows’ milk, it is of mterest to consider the comparative 
composition of the milks from several of the different species In the 
following table are given what are considered the normal values of the 
different ingredients of milk from the different species It is to be noted 
that the milk from all species contains all the characteristic milk mgredi- 
enis, but there is a great variation in the proportions of these ingredients 
Total solids vary from less than 10 per cent for the mare to 32 per cent for 
the elephant Protein vanes from 2 per cent in woman’s milk to 9 1 per 
cent m that of the cat Fat vanes from 1 2 per cent m mare’s milk to 1 9 6 
per cent m the milk of the elephant Lactose vanes less between the species, 
from the low for the sow of 3 I per cent to the high for the elephant of 8 8 
per cent 
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Average Composition of Mils from Various Species 



Total ScJkIi 

Ptoiad 

Fat 

Lactose 



ftr Ctnt 

PtrCeml < 

Ftr Ctttl 

Per Cent 


Cow 

12 83 

35 

38 

49 


Woman 

12 6 

20 

3 5 

6.8 

30 

Goat 

13 0 

37 

40 


85 

Sheep 

170 

52 

62 


90 

Water buSalo 

214 

55 

10 5 

45 

to 

Zebu 

13 3 

34 

42 


70 

Mare 

96 

20 



40 

T-lama 

13 5 

39 



80 

Camel 

13 4 

39 

30 

54 

74 

Ass 

10A6 

222 

1 61 


50 

Cat 

18J7 

91 

33 

49 

58 


15 9 

723 




Elephant 

32 0 

31 

' 19 6 

88 

65 


extreme variation in the composition of cows’ milk is set forth m 

me foUm\ing table It is to be noted that the maximum values observed 

for all the constituents except water are several times the minimum values 


Variations in Composition of Cow’s ATny 


CoMi tueot 

Maninun 


Mead 

Water 

Protein 

Casein 

Albumm 

Fat 

Lactose 

Ash 

PttCtni 

9032 

640 

629 

144 

1000 

612 

121 

Ptf Cent 

8042 

2 07 

1 79 

25 

1 20 

2 11 

35 

Pa Cent 

87 27 

3 55 

3 02 

53 

380 

49 

71 


FATS OF MILK 

pnncipai fat of milk is bultcrfat — one of the most important con- 
stituents of milk from the standpoint of commerce, food value of nulk, 
and Haver of milk In addition to butterfat there are a number of other 
tats or fathke substances that play important roles even though they 
e present m minute quantities These arc phospholipids, cholesterol, 
carotene, and zanthophyll f > 

Milk fat. Milk fat or butterfat is a complex mixture Like most animal 
tats It IS a tngl> cende , that is, each molecule of milk fat is made up of one 
molecule of gljMrol to which is bound, chemically, three molecules of 
fatty acids It differs from body fat m that it contains many more kmds of 
fatt^y acids Body fats are also made up of fatty acids and gKcerol, but they 
differ from butterfat in that only one, two, or at the most, three different 
fatty acids arc present, whilem buUeriat there are nine or more fatty acids- 
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H QHHH 

H C-O-C-C^C H BUTYRIC 
I OHHH 

I HHHHHHH 

GLYCEROL H C-0 C-C-CC-C-CUIMi H CAPRYLIC 
pHHHHHHH 

HHHHHHHHHHHHHHHHHH 
HC^-C^C-C^CCU^C-C^OC-C-C-C-C-C-C-CH*- STEARIC 
H HHHHHHHHHHHHHHHHHH 

Fig 113 Configurat(on of a molecule of butterfat Mixed triglyceride, 
containing a butryic, caprylic, and stearic giycende 


An idea of the structure of a molecule of butterfat is gained from Figure 
113 Here is presented the configuration of a mixed tnglycende containing 
a butync, caprylic, and stearic acid They are attached to one molecule of 
glycerol As butterfat consists almost entirely of mixed tnglycendes and as 
any difference m the kind of acid or in the arrangement of the same fatty 
acids in the molecule makes for a chamgc in the character of the fat, it is 
easy to see that butterfat is a mixture of thousands of different kmds of fat 
The fatty acids The fatty acids comprise about 94 8 per cent of pure 
butterfat They consist of carbon, hydrogen, and oxygen The oxygen is 
always constant m that there are always two atoms of oxygen for each 
molecule of fatty acid The amount of carbon and hy drogen vanes, de- 
pending upon the size of the fatty acid molecule and whether it is satu- 
rated The number of carbons in the fatty acid molecules of normal 
butterfat vanes from four m butyric acid to 18m oleic and sieanc acids 
From butync acid each succeeding acid (see the following table) has 
two more carbons than the preceding acids Thus, all fatty acids in butter- 
fat have an even number of carbons 

All fatty acids ivith less than 18 carbons and stearic acid have ttvice as 
many hydrogens as carbons These acids arc known as saturated fatty 
acids Other acids, known as unsaturaied, have two four, and six less hy- 
drogens than twice the number of carbons Three of these fatly acids com 
monly found m butterfat are oleic, linoleic, and hnohmc, these contain, 
respectively, two, four, and six less hydrogens than twice the number of 
carbons In these acids the valences of the carbons are satisfied respectiv cly 
by one, two, and three double bonds between the carbons These double 
bonds are of great importance, for it is here that fats are attacked by 
oxygen to become oxidized and produce the undesirable oxidized flavor 
Each of the fatty acids has charactcnstics that contribute to the char- 
acter of the butterfat, and differences m characteristics m butterfat arc 
mainly due lodifiercnccsin the proporlionsof ihcdiffcrcnifaity acids The 
melting point of the different fatty acids (see ihc preceding table) is one 
of ihc important charactcnstics Butync, caproic, oIcic, Imolcic, and 
Imolmic acids have ihc lowest racUmg points, and stcanc, palmctic, and 
mynstic have the highest 
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Fatty Acids of BurrEarAT, Variations, Average Amounts, 
AND Melting Points 


Aad 

Numlicref 

Mtluitf 

Pmat *C. 

AmounU la 
Butterfat Raace 

Averace 

Butync 

4 

-79 ; 

24to 42 

29 

Caproic 

6 

-9^ 

IJto 2 4 

19 

Capryhc 

3 

165 

Sto 10 

.8 

Capnc 

10 

iU 

12 to 2.0 

16 

Laimc 

12 

48 

45to 77 

58 

MynsUc 

14 

58 

15 6 to 22 6 

198 

Palmitic 

16 

61 

5 8 to 22 9 

15 2 

Steanc 

18 

69A 

78to204 

14 9 


18 

14 


32 0 

Aracludic 

20 

77 



Linoleic 

Linolmic 

IS 

18 

— 18 

? to 6.0 
Oto ? 



The fatty acids do not exist as such m normal butterfat except m very 
minute quantities When fatty acids are liberated as such by enzymic or 
other FMCUons, a bitter, rancid flavor with corresponding odors is pro- 
duced Fatty acids exist, as has been previously stated, m chemical combi- 
glycerol in what is known as tngl>ccndes 
^ile the melting point of a glycende is different from that of the fatty 
acids it contains, there is a correlation between the meltmg pomts of the 
two taw containing relatively large portions of the low meltmg point 
fatty acK^ will also have a low melting pomt Tnbutync melts at - 69" C 
at “ 5" C , while tn steanc melts at 65" C and tn-palmeuc 


The flavor of butterfat is also influenced by its fatty acid content The 
lower tatty acids, particularly butync, contnbute to the charactensne 
navor ot butter The most charactcnsiic, rancidity of butter, is also due to 
the presence of free butync acid 

K amounts and variations of the most common fatty acids m 

butierlat are given m the preceding table It will be noted that butync, 
o eic, mo eic, and steanc acids arc subject to the greatest vanation In- 
fo^cr three cause the fat to melt at low temperatures and 
nntnt tj whilc incrcascs m steanc acid increases the meltmg 

Iinnl 1 causes utterfat to be hard The feedmg of flax mcreases the 
iinoleic, oleic, and Imolmic acid content to produce soft butter The feed- 
SI N ^ pasture grass incrcascs the oIcic acid content to produce 
, ttonseed meal increases oIcic acid but also causes a decrease 

m butync acid to mcrcasc the meltmg point and produce hard butter 
assijica ^noj Jatly aetds Fatty acids arc commonly divided mto t%M> 
^oups on the basis of volatility, they arc the volatile and nonvolatile acids 
The volatde acids are butync, caproic, capryhc, capnc, and launc acids 
Of these butyr^ caproic, caprylic, and capnc are soluble and the others 
are insoluble The rest of the fatty acids of butterfat arc nonvolatile, of 
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these mynstic, palmetic, arachidic> and stearic are saturated, and o!eic, 
Imoleic, and linolmic are unsaturated 

The volatile fatty acids constitute on the average from 15 to 20 per cent 
of the total fatty acids of butterfat The nonvolatile group make up 80 to 
85 per cent 

Phospholipids The three phospholipids that milk contains are leci- 
thin, cephalm, and sphingomyelin Of these milk contains 0 03 to 0 05 
per cent of lecithm and but a trace of the other two The phospholipids 
contain phosphorus, fatty acids, and glycerol Lecithin contains two fatty 
acids and a compound containing phosphoric acid, ethyl alcohol, and 
tnmethylamine The latter becomes freed under certain conditions to 
produce a fishy flavor 

Lecithin is concentrated on the surface of the fat globule in milk, and 
m separation goes almost entirely over to the cream Skim milk contains 
but a trace of lecithin In churnmg, lecithin is dispersed in the buttermilk 
and but a trace is normally left m the butter Buttermilk contains from 
01 to 0 3 per cent lecithm, dependmg upon the richness of the cream 
from which It IS produced 

As lecithm is soluble m ether and alcohol it is recovered in fat tests 
employing these agents It is also responsible for the difficulty expencnccd 
in testing buttennilk by the Badcock methods 

Cholesterol Milk contains from 100 to 200 parts per million of a 
complex compound known as cholesterol This is in solution in the fat and 
in some of us forms is vitamin D The vitamin D content of milk may be 
greatly increased by increasmg the vitamin D content of the feed \Vhether 
the cholesterol content of the milk is mcreased is not known 

Carotinoids Milk fat contauis varying amounts of yellow pigments 
known as carotmoids Carotene is the pnncipaJ yellow pigment of nulk 
fat, although some xanthophyll, the chief pigment of yellow com, is also 
ptesem These pigments are fat soluble and of considerable importance 
because they are the precursors of vitamin A and give the yellow color to 
nulk One molecule of carotene forms two molecules of vitamin A, while 
some of the xanthophylls form but one molecule of vitamin A and others 
none 

The amount of carotene in rmlk is dependent upon the quantity in the 
feed and upon the breed and individuality of the cow Some breeds and 
individual cows convert most of the carotene mto the colorless vitamin 
A, ivhile others secrete the carotene mto the milk The Guernsey and 
Jersey breeds arc noted for the latter Carotene vanes from as low as one 
part up to 20 parts per million of fat 

The carotmoids are synthesized only by plants Carotene is present m 
comparatively large quantities in green forage and well cured hays, and 
IS low m grams 

Vitamin A Butterfat contains varying amounts of vitamin A, a color- 
less, fat soluble substance Vitamin A is produced principally from caro- 
tene, one molecule of which is split to fonn two molecules of vitamin A 
The amount of Vitamin A in butterfat is dependent upon the amounts 
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of carotene in the feed and the ability of the cow to convert carotene into 
vitamin A 


THE PROTEINS 

Protein is a complex chemical substance which upon hydrolysis breaks 
down into ammo acids Protein alwa>s contains carbon, hydrogen, oxygen, 
and nitrogen Certain proteins also contain sulphur, phosphorus, and 
calcium From a nutntional standpoint protein is a most important food 
stuff The animal body cannot synthesize protein from anything but 
protein or ammo acids of the food Certain ammo acids can be changed 
by the animal body to form others needed by the animal Other ammo 
acids (known as essential ammo acids) cannot be formed m the animal 
body but must be present in the food The value of a protein is, therefore, 
limited to the completeness with which it furnishes the essential amino 
acids 

The milk proteins are excellent sources of the necessary ammo acids, 
they arc, therefore, said to have a high biological value Milk is also nch 
in protein, it comprises, on the average, 3 55 per cent of the whole milk or 
about 28 per cent of the dry matter There arc three different proteins m 
milk In the order of the quantity present these are calcium caseinate, 
lactalbumin, and lactoglobulm There are also traces of other compounds 
containing nitrogen 

Casern. Casein is a very complex protein containing phosphorus It 
is a weak acid and exists in milk as a salt of calcium known as calcium 
caseinate Calcium caseinate is not m solution but in a fine (colloidal) 
suspension which gives milk its white color 
Casein constitutes about 3 per cent of normal milk It is unique m 
that it is found no other place in nature but in milk It may be precipi- 
tated out of milk by acids, alcohol, or rcnnin The acid precipitate is 
casein proper, as the calcium is removed in reaction with the acid Acid 
precipitation occurs commonly by natural souring, it may also be effected 
by the addition of acid for commercial casein production In either case the 
precipitate is white 

The alcohol precipitate of casern is a calcium caseinate The rennm 
precipitate is a new compound, calcium paracasemate, containmg more 
calcium than the calcium casemate Heatmg at 100® C for twelve or more 
oura or at 120 C for one hour also causes precipitation of casein 
Casern constitutes the bases for cottage cheese and the rennet cheeses 
It IS also used extensively in the makmg of glue, for sizing paper, for 
pieties, and as an adhesive m pamts and insecticides Casern glue D 
valuable for its adhesive strength and waterproof properties Casern 
plastics are hard, take up colors, and can be cut and molded mto any 
desired shape In addition, it is used for making buttons, combs, billiard 
balls, and articles resembling marble, ivory, or horn 

Lactalbumin. Milk contains about 0 5 per cent of albumin known as 
lactalbumin This protein does not contam phosphorus, but it contains 
some sulphur, in addition to carbon, hydrogen, oxygen, and nitrogen. 
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While the molecule is large, it is not so large as that of casein Lactalbumin 
IS identical with the albumin of the blood m its chemical composition, but 
It IS different structurally 

In milk, albumin is colloidally dispersed It cannot be precipitated out 
by acids or rennm and is, therefore, left in the whey from the production 
of either casein or cheese 

Lactalbumin may be precipitated out of milk by first removing the 
casein, and then heating the “whey’* to 71® C or above, when a portion of 
the albumin will come out as a white precipitate Albumin may also be 
precipitated with saturated solutions of sodium sulphate and ammonium 
sulphate and magnesium sulphate in an acid medium 

Lactalbumin has a high biological value and complements casein While 
lactalbumin preparations are available, this constituent is not used com- 
mercially to any extent It is an important constituent in milk from the 
standpoint of its effect upon the stability of the ingredients of milk, and is 
also important in the processing of milk because of its property of co- 
agulating with heat 

Globulin Globulin should be classed as one of the minor proteins in 
milk, as normal milk coutams less than 0 I per cent of this protein 
Colostrum milk, however, may contain 10 or more per cent of globulin 
Globulin of milk is known as lactoglobulin although it appears to be 
identical with the globulin of blood in all respects and is probably filtered 
out of the blood mio the milk 

Globulin IS in true solution m milk although the molecules are large 
enough to give the colloidal effect It is prepared out of the milk by 
first freeing it from casein and albumm by saturating the milk with 
sodium chloride, heating it to 35® C , and filtering it, and then saturating 
the filtrate with magnesium sulphate Lactalbumin is completely pre- 
cipitated by heat at 72® C , by saturated magnesium sulphate solution, or 
by half saturated ammonium sulphate solution In cheese making,, since 
It IS not precipitated by either acid or renrun, it goes into the whey 

Other nitrogen compounds There are a number of other nitrogen 
compounds m milk, of which the phospholipids have been mentioned 
previously Two other proteins, fibnn and alcohol soluble protein, have 
been found The amounts, however, arc so small as to be insignificant 
Some punne and pyridine bases have also been reported as present m milk 
in very small amounts Other nitrogen containing substances present in 
milk in traces are urea, uric acid, creatin, creaimine, and ammo acids 
Urea is usually present m the same amounts as in blood 

LACTOSE 

Lactose or milk sugar ranks with the proteins and fats as an important 
constituent in milk Average milk contains 4 9 per cent of this sugar, 
which occurs naturally only m milk It is a disaccharide which >ields two 
sugars, glucose and galactose, upon hydrol>sis Until recently this sugar 
has not been synthesized 

Lactose is in true solution in milk It mav be crystallized our of milk in 
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white crystals by first freeing the milk of proteins and condensing it to a 
small volume Lactose is about one>fifth as sivcet as sucrose, or common 
sugar It IS less soluble than sucrose, only 17 parts being soluble in 100 
parts of cold water, while 200 parts of sucrose may be dissolved m 100 
parts of water 

Lactose decomposes m solutions heated at 90* C for long periods of 
tune to produce a brown coloration and a caramel flavor This is due to 
oxidation and reduction in which carbon dioxide and water is given off 
Bacteria break lactose down into lactic acid In this reaction one molecule 
of lactose should form four molecules of lactic acid 

Other compounds are formed, as only 80 per cent as much lactic acid is 
produced from bacterial fermentation as would be expected from com- 
plete conversion The bacterial action is self inhibiting, being completely 
stopped when 1 per cent of lactic acid is formed Lactic acid fermentation 
IS responsible for the natural souring of milk and cream, which is of 
great importance in the dairy industry Sounng of milk, ripening of 
cream, and production of various cheeses, buttermilk, and so forth arc 
dependent upon lactic acid formation from lactose Lactose is also broken 
down by certain yeasts to form alcohol 

MINERAL MAHER 

When milk is ashed there remains what is known as ash This ash 
coiutimtes about 0 7 per cent of the milk The ash must not be confused 
with the mineral salts m milk, smee in ashing the minerals m compounds 
mth organic matter appear as part of the ash This is particularly true of 
the phosphorus and calcium m chemical compounds with protein The 
minerals in milk are usually expressed as oxides The approximate 
amounts of the more common minerals are given in the following tabic 

AppaoxmATE Aiiou>ns of the Vasious Salt Constituents 
IN THE Ash of Cows A rir.g 


SUt 

Calaum onde CaO 
Phosphorus pentonde P,C^ 
Potassium oxide K*0 
Sodium oxide Na,0 
Magnesium oxide ilgO 
Chlorme Cl 


Average AmousU 
PcrCeiU 

170 

250 

170 

070 

025 

20 


IS to e noted that calcium, phosphorus, and magnesium are the most 
minerals in milk. In addition to these, iron, copper, iodine, 
sulp ur, manganese, alummum, zme, and traces of a number of other 
* sneh as boron, strontium, and silicon are always present 
Mmeral matter in milk is in both true solution and colloidal suspension 
A large part of the calcium and phosphorus and all of the sulphur are m 
chemical compounds with protein Parts of the calcium and phosphorus 
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are in colloidal suspension as calcium phosphates. Calcium, magnesium, 
sodium, potassium, etc. also exist in salts with chlorine, citric acid, GO 3 , 
and PO 4 . 

Milk has ample amounts of most minerals for the nutrition of growing 
animals and is especially rich in calcium and phosphorus. It does not have 
adequate amounts of copper or iron, and under certain conditions is 
deficient in iodine. 


OTHER CONSTITUENTS 

Figments. In addition to the fat soluble carotene and xanthophylls 
which impart a yellow color to the fat and milk, there is a water soluble 
pigment known as lactoflavin or riboflavinc {formerly lactochrome). This 
is a yellow or orange colored pigment responsible for the color of whey. 
Lactoflavin is identical with vitamin G, of which milk is the best source. 

Evidence indicates that the lactoflavin content of milk is influenced by 
both the feed and the cow. Bleached hay produces milk with lower lacto- 
flavin content than docs well-cured hay. Pasture grass likewise produces 
milk ^vith high lactoflavin content. The breeds rank in the following 
order for the lactoflavin content of milk: Ayrshire, Jersey, Guernsey, and 
Shorthorn. 

Vitamins. Milk is an excellent source of vitamins; it contains all of 
those now known. These are vitamin A or carotene, vitamin B, vitamin G 
or ascorbic acid, vitamin D, vitamin £, and vitamin G or lactoflavin. 
Of these vitamins, B, C, and G are synthesized by the cow, although the 
amounts of these vitamins in the milk are influenced by the amounts in 
the feed. Vitamin D may be synthesized by the cow when exposed to the 
direct rays of the sun or ultraviolet light; otherwise the amount of vitamin 
D in the milk Ls dependent upon the amount of this vitamin in the feed. 
The amount of vitamin A in the milk is entirely dependent upon the 
amount of the carotene in the feed. 

Enzymes. While there is a lack of agreement as to the number of 
enzymes occurring in milk, it is definitely known that normal milk con- 
tains a number of enzymes some of which are important to die dairy in- 
dustry. Lipase, protease, catalase, peroxidase, diastase, lactase, and re- 
ductase have been reported as occurring in normal milk in varying 
amounts due to various conditions. 

Lipase^ a fat splitting enzyme, is claimed by some to be present in very 
small amounts in all milk. It appears frequently in large amounts in the 
milk of cows that have been milked for a long time. Ivlilk containing 
this enzyme develops a bitter flavor upon standing unless first heated to 
destroy the enzyme. 

Proteose, also known as galactasc, is a protein splitting enzyme always 
present in milk. This enzyme breaks proteins down to simpler compounds 
and even as far as into amino acids. It is important in the ripening of 
cheese. 

Catalase, which is an oxidizing enzyme, is alwaj-s present. This enzyme 
is destroyed when heated from 65 to 70* C. for onc-half hour. This fact is 
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taken advantage of in testing milk for pasteurization, as properly pasteur- 
ized milk IS negative to the catalase test 

Peroxidase, an enzyme reducmg hydrogen peroxide (H202), freeing 
active oxygen, is also generally agreed to be a normal constituent of milk 
It is, however, of little significance, as it is not destroyed except at higher 
temperatures, it cannot be used as a test for pasteurization In separation 
most of the peroxidase goes into the separator slime 

Diastase, a starch sphttmg enzyme, is found m the largest amounts in 
the colostrum milk and in milk from discard udders In separation most 
of the diastase goes into the cream 

Lactase, a lactose splitting enzyme, is not so generally agreed to be a 
normal constituent of milk 

Reductase, an enzyme causing the oxidation of aldehydes and the re- 
duction of methylene blue, is a normal constituent of milk, and is used as 
a test for quality of milk 

Gases. Milk contains carbon dioxide when drawn, and it dissolves 
oxygen and nitrogen together with other gases dunng milking 
Other compounds. In addition to the constituents so far listed, milk 
contains varying amounts of other compounds that pass from the blood 
into the milk Some of these are discussed under the factors influencmg 
the quantity and quality of cows’ milk (Chapter 33) Many flavormg and 
undoubtedly some nonflavonng constituents of feed pass into the blood 
from the digestive tract and then into the milk 

Milk also contains varying amounts of white cells and cell debns, and 
varying amounts of microorganisms that contammate the udder 
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properties of milk 


Structure of milk While hulk is fluid it is a complex system 
pre^nting several phases There is a continuous phase cons^u^ 
luth v^ious materials in solution, there is a colloidal phase coLstine of 
suspended particles of minute size, and there is a coarser snsoenrl a i? 
consisting of particles of microscope size ™^Pended phase 

Material m solution Lactose, most of the salts and alK,. 
g obulin are said to be in true solution in milk A true’solution is a^'lnho 
in which the molecules are individually dispersed In the case of alh ° 
and globulin the molecules are so large that they are X c„noTr 

be bddh T'f particles are large enough to 
e held back by ultraHIters and small enough not to be visible in th 

Cr,Z ” of a millimeter m diamettf 

alcium caseinate, globulin, albumin, and some of the calmim np. t, 
are colloidal in milk These materiPs man”ep^a,ed ,h 

p™rticTei“7“ ‘'d "’““Sh appropriate membranes CdtodS 

p rticles depend upon certain materials known as stabilt 7 /.r« i 

on "another 

Coarser dispersion Butterfat is suspended m milk m tmv i 

particles, sometimes called fat globules, to form the chief coar-Jn 

debris microorganisms, various white cells, and cell 

The ave '■=" ™orons m diameter 

to LTbXor/a^rarTcTer^ 

"'O'-ofore. to stabdize the fat emulsion 
This Pa'^holc IS surrounded by a material adsorbed on the surface’ 

mmg a sort of a membrane around the fat globule const^^ /-H a 
and protetns In churning, thesf matr.~ ^bted 
nd the fat particles coalesce to form butter, while most nf th« 
brane material passes into the buttermilk ’ “■= 

/.H ofTsTo ITlU, fT'' acid m reaction, havmg a 

mdicator fresh m 11 h "“d ’ Pbenolphthale.n used as an 

or, iresh milk shows an acidity equivalent to 0 1 tn n o 
of kclie acid The mration, however,’^sXt due Llio acid buXT' 
^'"pTOhXk ""h h phosphates and proteins 

paper P'‘'“'‘a‘' Property of being amphoteric to litmus 

P pc It will turn blue litmus red, and red litmus blue Any disturbance 
529 
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m the mammary gland, such as mastitis, usually affects the pH of the 
milk As a rule the^H mcreases — that is, the milk becomes more alkaline 
although in some cases the change is toward greater acidity This 
effect IS taken advantage of m testing milk for mastitis 

Specific gravity of milk The matenals in solution m milk have a 
tendency to increase the spcafic gravity, while the fat decreases the 
density Because there is a great variation in the fat of milk, the specific 
^ to 1 034, with an average value of 1 032 at 
1 niV “ heavier than whole milk and vanes from 1 032 to 


The iNTLtJENCE OF Fat Content upon Specific Gbayitv 
and Weight per Gallon '■ 


Percent 

0 025 (Skim milk) 

30 

40 

50 

60 

70 

10 0 (Cream) 

15 0 
200 
250 
300 
350 
400 


Kofic Gravity 
aixec 

Vt ei^t per CsBca 
at20*C. 


Pounit 

1035 

863 

1032 

860 

1031 

Sh59 

1029 

8 58 

1028 

8.57 

1027 

856 

1023 

8JS 

1016 

8 47 

1011 

843 

1007 

8.39 

1002 

8.36 

0998 

8J1 

0993 

828 


Its of 
945, 


the vanous const, ^ vanations in the amo 

milk sugar 167 ^ ® *pccific gravity of 0 935 to 

^e Sefif ’ ^ proteins, 1 31 to 1 346 

lactometer whic^^'^^*^ ** usually determmed by the use of a 

the milk It ma ^hc volume of a known weight displaced by 

effeLT by weighmg a known volume 

IS shown in th,. fot percentages of milk upon the specific gravity 

whether milk Has Specific gravities are used to detenninc 

the s^ciS 'Vh^« the fat content of mUk is Uoivn, 

millf The fo^ul^is™^^ ^ calculatmg the total sohds of the 


Total Solids : 


Spg 

‘ 1- (1 2 X per cent fat) 


30^"'fT SkiTm -0 55 to -0 56“ C (31 01 

■ - - ’ " milk, and cream all have the same freezing 

‘From Circular 1 9. U S Bureau of Standards. 



PHYSICAL AND CHEMICAL PROPERTIES OF MILK 


531 


point, since the point at which milL freezes is due to the material m 
solution in the aqueous phase, lactose, and soluble salts The fat and 
proteins do not affect the freezing point 

The freezing point of milk is accurately dcterimned by an apparatus 
known as the cryoscopc The freezmg point is changed by the addition 
of water, salt, or preservative and by the development of acidity When 
determined for fresh milk, it offers one of the most reliable tests for water- 
ing Increased acidity, as ns ell as the addition of preservatives, decreases 
the freezing pomt and offsets the effect of \v atermg, which mcreases the 
freezing point 

While —0 55® C is the freezing point of milk, it does not mean that 
milk Will freeze solid at this temperature It merely means that ice crystals 
\nW form When milk freezes, ice crystals will form from the pomt where 
the cold strikes, and liquid will be found beuveen the ice crystals and 
away from the direction in which the cold comes The ice crystals are of 
relatively pure water The solutes are more concentrated in the unfrozen 
portion As freezmg continues, the unfrozen liquid becomes mcreasmgly 
concentrated wth solutes to stiU further decrease the freezing pomt 
At —10® G less than 75 per cent of the milk is frozen 

The addition of 1 per cent of water to milk increases the freezing point 
by 0 0055® C , or directly proportional to the amount of water added The 
formula for calculating the amount of water added to milk from the 
freezing point is 


TV too (A-Ai) 

A 

W is the per cent watermg, A is the normal freezing pomt of milk , and 
Ai IS the observed freezmg point of the sample A should be given the 
value of —0 55® C 

The freezing point of normal milk is the same as that of the blood 
In milk most of the reduction in the freezing point is due to lactose The 
amount of lactose m milk ivill reduce the freezing point by 304® C , leav- 
ing 246® G as that which the other salts present wll lower the freezing 
point In blood nearly all the lowering of the freezmg point is due to the 
salts 

Boiling pomt. Because of its solute content, milk also boils at a slightly 
higher temperature than water Water boils at 100® C at sea level, while 
average milk boils at 100 17® C 

Specific heat Specific heat is the number of calones required to raise 
the temperature of one gram of maicnal 1® G Since water requires 1 calone 
to raise it 1° C (from 1 5 to 16® G ), the specific heat of a substance ex- 
presses the relative amount of heat required in terms of w atcr The specific 
heat of dairy products is of great importance in the various processes 
rcquinng either cold or heat Specific heat vanes for different tempera- 
tures and for different fat percentages The following table illustrates the 
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variability in specific heats with varying temperatures for different fat 
percentages 


Product 

AtO*C 

At t$* C 

At 40*0 

At«rC. 

Skim mill 

0940 

0943 



^Vhole milk 

0920 

0938 

0930 

0918 


0750 

0 923 



30 per cent cream 

0673 

0983 

0&>2 

0860 


0560 

10a3 

0 721 

0 737 

Tl 


0 527 

0556 

0 580 


0445 

0 467 

0500 

0530 


It IS seen that the specific heat is the highest at 15“ C , and that the 
increase in speci c heat at this temperature becomes greater u ith increases 
in at percentage At other temperatures the specific heat decreases with 
the increase in fat content 

Viscosity Viscosity, the resistance to flow, is the reverse of fluidity 
se o Its dispersed and dissolved constituents, milk is less fluid or 
hLs a Zh.? c milk has a fluidity of 0 233. and water 

1 00 ^ T ^ ^ values have changed to 0 473 and 

of both ^ j Temperature, therefore, markedly affects the viscosity 

aL“Vecl:er 

sounmr^aJirf^^^ locrea^s With increased fat content, homogenizations, 
Sn/ K®’ ^"it cooling 

the viscosu) ^ Pasteurization temperatures or agitating it lowers 

doIt^Znln measured by the rate a drop will flow 

nlatc It im ^ ^ compared with a drop of water on the same 

fhreuch aT.L ^ rate a pven volume will flow 

urcmcni rmv °P^o‘ng, such as a pipette The most accurate mcas- 
rcsistance nf^h n° *3incd by using a viscosimeter, which measures the 
resistance of the fluid to a moving solid 

shin'^Zl--!* ‘™portancc m milk except for its possible relation- 

Fresh considerable importance in market cream 

sumer becausr^u »5 'cry fluid, is objected to bv the con- 

becomes ^PPe^rs thin” and will not whip aging, the cream 

Therr '^‘^oos, appears nchcr, and will whip more rcadil> 
cream m.v ^ j u ^ relationship between the viscosit> of an icc 

iniDoriant in*!i s^wthness of the finislicd product Viscosit) is aho 
Elecirtr'il of condensed and evaporated milks 

of eWirr .1 . “”^“ciivuy Elcctncalconductivit) is due to the soluiion 
condor V C niatenal other than cIectrol>tcs inhibits 

^ V ^ conductive elcctrol>ies and inhibiiing non- 

srnZe rn.n°'"“ ‘o 210 ohms in electrical rc- 

infrr-.o-t fl co”*cnt oran mcrcasc in the amount of protem 

increases the rcsiitancc and decreases the conducts itj 
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Souring or the addition of salts greatly increases the conductivity The 
addition of water decreases conductivity by diluting the electrolytes 
Because so many factors influence the resistance or conductivity of milk, 
this phenomenon is of little practical value Some have devised equipment 
measuring electrical conductance to determine acidit> or fat percentage 
Surface tension Milk possesses a rather high surface tension which 
decreases with increases in the temperature Increases m the fat content 
of milk reduce the surface tension 

Reduced surface tension by the fat m milk helps to stabili 2 e whipped 
Cream and the foam on whole milk and cream 

Cream rising When whole milk is permitted to stand, the fat rises to 
the top to eventually form a layer of more or less closely packed fat globules 
commonly called cream The difference in the specific gravities of the 
fat and the milk serum is one of the most important factors responsible for 
the cream rising At least for rapid and complete rising of the milk fat, 
the fat globules must aggregate or clump together The rate of creammg, 
then, IS largely dependent upon factors that effect clumping of the fat 
particles 

The rate at which individual particles nsc is mostly dependent upon 
the size, and is proportional to the square of the radius A particle tivo 
micra m diameter was found to rise 05 centimeter per hour, those 3 3 
micra in diameter rose 14 centimeter per hour, and those ten micra m di 
ameter rose 1 28 centimeters per hour Cream rises a great deal more 
rapidly than the rates given for individual particles, this is accoimted for 
by the clumping of the fat globules into masses containmg approximately 
50 per cent fat Troy and Sharp found that the rate at which the fat clumps 
nsc accounts for the rate of cream rising 
The clumping tendency is the greatest in milk cooled rapidly to 7 or 
8 C , this also holds true for cream This temperature also produces the 
greatest cream volume, a fact which is explained on the basis that in the 
piling up of the clumps of fat particles other matenal is included 

The exact cause for fat particles coming together to form clumps is not 
known It is believed that it is something similar to agglutms which forces 
clumping The fat particles are held together m the clumps by the mucin 
like matenal surrounding each fat particle The volume of the cream 
formed depends upon the thickness of this matenal and the resultant 
distance between the fat particles 

The mechanical separation of fat from the milk serum is not dependent 
upon clumping, but upon increasing the specific gravity about 1,000 
times, through centrifugal force By this large increase in the specific 
gravity of all the milk constitu-nts, the difference between that of the fat 
and the serum becomes so great that rapid separation is effected For small 
fat particles under one micron m diameter, the difference is not sufficient to 
bnng them out of the milk These small particles remain in the sLim 
milk 

Foaming The property of milk that makes it foam when agitated 
IS the cause of considerable anno> ance and loss in some dairy processes 
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variability in specific heats with varying temperatures for different fat 
percentages 


Skim milk 
Whole milk 
15 per cent cream 
30 per cent cream 
00 per cent cream 
Butter 
Butteifat 


At(rc 


0910 

0920 

0750 

0673 

0560 

0512 

0445 


At IS'C 


0943 
0938 
0923 
0983 
1053 
0 527 
0 467 


At40*C 


0 9^2 
0 930 
0 899 
0 852 
0 721 
0 556 
0500 


At«rc 


0 963 
0918 
0900 
0 860 
0 737 
0580 
0530 


It 13 seen that the specific heat is the highest at 15® C , and that the 
increase in specific heat at this temperature becomes greater with increases 
in lat percentage At other temperatures the specific heat decreases with 
the increase in fat content 

nJ^**^**V^ Viscosity, the resistance to flow, is the reverse of fluidity 
^ tts dispersed and dissolved constituents, milk is less fluid or 
Jl/a ZJ.? T ^ a fl^^'dity of 0 233, and uater 

1 00 ^ ^ values have changed to 0 473 and 

of both ^ Temperature, therefore, markedly affects the viscosity 

■“ * temperature, 

increased fat content, homogenizations, 
SrffZ !i by cooling 

the viscos?t> pasteurization temperatures or agitating it lowers 

doltz m°rhn ^ measured by the rate a drop will flow 

plate It rmv -^1 ^ compared wnth a drop of water on the same 

ihrouch a ^ ft ^ ^ measured by the rate a given volume will flow 
urgent m V ) as a pipette The most accurate meas- 

resistancc of^h ® obtained by using a viscosimeter, which measures the 
resistance of the fluid to a moving solid 

shin °^bide importance m milk except for its possible relation- 

Fresh naitpit*”*"! considerable importance m market cream 

sumcr l>ccauZt is very fluid, is objected to by the coo- 

become« m PPcars thin” and will not whip By aging, the cream 

There ^ ''‘scous, appears ncher, and will whip more readily 
cream ^ u relationship between the viscos.t> of an icc 

imnortint ^ smoothness of the finished product Viscosity is also 

Electrirtl J^^nufacturc of condensed and evaporated milks 
of elerirol. “®*iviiy. Electrical conductivity is due to the solution 

conductiviK^*\f ii**^*^*t°” material other than clcctrol>tcs inhibits 
elertrnlvf ^ V* * . b°‘b conductivc clcctrolytcs and mhibiung non- 

sistanee An 180 to 210 ohms m electrical rc- 

.nrreT,/.* iK Content or an increase in the amount of protein 

increases the rcsisuncc and decreases the conduciivit) 
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saponification values Butters adulterated with 
fat have low saponification values 

1 number is a measure of the volatile soluble fattv 

acids Milk fat has a larger amount of volatile soluble fattv acids than 
any other fat, and, therefore, has the hiuhest ReiXn, h/ . ^ 

It IS expressed as the number of milligrams of ootassium ^ 

required to neutralise the acid m 1 gram of 
4 ^he iodine number IS a measure of the dppTcr* rtf. .rve.^* 

=>bs°rSd per 100 

The range in values for the above constants is as follows 


Constant 
Saponification number 
Reichert Meisl number 
Acid value 
lodme number 


Range 
220 to 240 
20 to 35 
0 to 0 8 
25 to 40 


chemical forces upon milk When the . 
handled and processed, it is subjected to various physic^ and 1 

aKrafa^r 

.^ect oj heat upon milk Milk is subiected to hr-at m 
pcMessing, pasteunzmgand condensmg, boding, and higher ^^eraf 
under pressure for sterilization ° "‘gucr temperatures 

Wamung milk up to 100° F for separation, clarification etc hn 
effect upon its characteristics except when the temperature is held fo° 
long penods of tune A temperature of 100° F is ontimnn, f “ ™ * 
organism growth Milk held at tins temperature ivill beTbTectd ToTh ' 
changes caused by microorganisms ° 

‘’"’Pcralmcs Heatmg milk at 142° F 
(61 1 C ) for 30 mmutes or at 160 to 180® F (71 to 82 r* ^ r r ^ 
seconds has no appreciable effect upon the chiac er«U« of h 
« ts cooled immediately after heatmg. except to ^oy mSt m 
o^Misim and some of the enzymes If the heated mdk I held wX™r 

CMhng for some time, the cream layer IS gready reduced Ran.H 

ollowing piutcurization prevents shrinkage of the cream lay er*^ “^uuhng 
i boded, marked changes take place, many of whirl, r 
ot known Lactalbumm is coagulated in the same manner as ev ^ 
bumin IS coagulated by heat The mdk takes on a charactcrist^ ?®i^j 
aste, and a browning of color is effected because of changes in the 
and lactose Prolonged heat.ng-12 hours of boding-TaS atomT^' 

c““ - ^“rpre! 



534 


DAIRY SCIENCE, SECOND EDITIOV 

Foam IS due to the formation of a ph>sical phase m which air becomes 
milk, with thin lajcrs of milk separating the air 
bubbles from one another The capacity for foaming is due to materials 
loiscnng the surface tension In milk the proteins and the fat reduce the 
therefore, arc the cause of the foammg capacity 

Milk foam is not stable, it breaks down when allowed to stand Milk 
lat not only increases the foaming capacity of milk, but also increases the 
stability of the foams 

Phyii^hemical propertie. of mOk fat D„pns,m As has been 
previomi) staled, the fat of milk is dispersed as fat globules of vanous sizes 
stable emulsion The emulsion is stabilized by the 
colloids of the milk and by matenab on the surface of the fat globule not 
nl,^"l! ‘i" Phnse of the mUk The latter is represented by 

phospholipides and other materials sshich. svhen combined, arc sometimes 
said to form a membrane around the fat globule 

^ obulM Vary greatly in size in ihc same milk, in milk from 
tation In ^ same cow in ddferent stages of lac- 

InTlim 1 ““P'” Slobules wUI sary from less than 

nTh 1 '‘"r'l *" M‘lk from dilTcient breeds 

wmo^te °r '“S' “ bu' ihey differ m Ihc pm- 

duced in dilTe *i die different sizes The same is true of milks pro- 
duert in different stages of laclation 

while Gu^r^^s^nn7^r^^ ascrage size of fat particles, 

faVakbu^Trl •''' '“S'*' P'"PSC fat particles The 

dlineS: m Zl i of the lactation penod and 

4 0 micra for Ierse\. ■“‘ation The average diameters ate 

Avrshires Till ^ 'd and 3 to 3 3 micra for Hobtcins and 

28?eulne m eTnTVe T' ^ S'»bule vanes for Guernsejs from 
toward the end fil,^ / ' beginning of the lactation to 13 4 cubic micra 
are 22 I andteubm m'era”" ”°btc.ns the respective figures 

of 0 9l''to Oo'Z'iZZnd^'^"' "'ll' ' sp«nfi<l gravily 

tation the mphm ^ ration and the stage of lac- 

n^uek dpfmuM ^ 27 to 36» C The melting point u 

difTcicni mrhintT ^ mixture of many glycendcs posscsiing 

The meltin'* nr ^ rrfraeuxe index >anci from 1 4527 to 1 4566 

tests ioa 4 ccrf^ll*L.h"f index arc used in conjunction with otlicf 

Imlc \a!uc butter uadulicratcd Alone thex: two tesu arc of 

leitj There arc a large number of chenucal 

r" either to determine xanation, from 

Cnl ^romtl;™ “d “‘d Tbc four uaire coinrnoa 

' “‘“‘b “ ‘fm “inilier of iii.Iligra n> of 

f-caiionru of I unerCat ranges from 220 to 2^0 Tlx lower fatty 
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acid IS used to digest or disintegrate all the milk constituents except fat, 
which IS liberated If a dilute acid is added to produce a of 4 6, the 
calcium caseinate is precipitated as casein 

Sour milk or cream may be “sweetened** by the addition of neutralizers 
such as sodium bicarbonate, calcium carbonate, or magnesium carbonate 
Hydrochloric and citric acids are frequently used to dissolve the milk 
residue, principally calcium salts, that accumulates on dairy utensils 
Milk cans, pails, coolers, pasteurizers, and so forth need to be treated 
periodically uith a dilute acid solution to keep them clean Citnc acid, 
although more expensive than hydrochloric acid, is safer and more 
satisfymg to use 
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If milk IS heated under pressure at 130® C , coagulation occurs in one 
hour At 150° C only three minutes are required for coagulation 

^Vhen milk is heated in the open, a scum forms over the top This 
scum contains all the constituents of the milk If the scum is removed, 
a new one begins to form immediately 

Freezing milk Milk is frequenily frozen by exposure to freezing weather 
or by the use of too cold coils m cooling One of the chief effects of freezmg 
upon milk is the separation of the fat that occurs when the milk thaws 
The casein equilibrium is also affected by freezing This is shown by the 
fact that the casein will separate out of milk that has been frozen, if the 
milk IS allovsed to stand for a long tune 

Cream is frequently frozen for long time storage The equilibrium of 
the fat emulsion is disturbed, for upon thawing some of the fat separates 
out The whipping qualities of cream are lowered when it has been frozen 
Frozen cream also produces butter of lower quality when churned 
Agitation In addition to producing foam, agitation has other effects 
upon Ae charactenstics of both milk and cream The first and most com- 
mon effect of ordinary agitation is the separation of the fat through chum- 
ing Vigorous agitation such as pumping, especially when the mdk is 
warm, tends to reduce the amount of cream formed, giving what is 
commonly known as a low or poor cream line 

agttation of cream of sufficient fat content incorporates air 
m fine bubbles, producing whipped cream 

unsaiurated fatty acids and some of the other con- 
tk r . under certain conditions When 

the fats become oxidized, a tallowy flavor is produced This is encountered 
n milk and cream, and also m butter Milk from individual cows vanes 
oxidation The feed is one factor that bnngs about 
, ® prTCCss IS speeded up by a number of metals which act as 

>s ^*oning IS worn off of the equipment with which milk 

J" contact, incicased oxidation can be expected 
inc oxidized flavors in mill, are also known as cardboard flavor It « 
seldom apparent m fresh m.lk, but ,t develops with standing 

contains cnz>-mcs which act upon the 
arious ingredients to decompose them Much (if not all) milk contains 
un^’ 'P'“ ■h' fdt into fatty acids and gl>ccnn The fatty acids 

>° fntin soap, which, m turn, 
prMuccs the characteristic bitter flavor of such mtlk In butter the fatty 
ac^ remain as such to produce rancidtt) 

proteoljtic cnz)mes will slowly decompose the proteins into pep* 
tones and ammo acids 

Rennin, not a normal constituent of milk, is added to coagulate the 
m into calcium paracasematc This is of great importance lo the dairy 
mumiry tu most cheeses arc produced from renmn precipitated casein 
aaiifii Ucalmrrt Milk is subjected to a great number of chemical 
ircalmcnls m various analjiical mclhods, and in neutralizing acid tlmt 
ma) have been formed In icslmg milk b) ihc Balicock mclhod sulphuric 
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devoid of chlorophyll, are in the 
form of rods, spheres, or spirals, and 
reproduce by transverse fission 

Size Bactena are the smallest of 
the one celled plants Some types 
arc invisible under the highest 
magnification of the best micro- 
scope, \vhile others can be seen 
under the lower magnifications 
The majority of bactena of im- 
portance m the dairy industry fall 
within the dimensions of 0 5 to t 0 
micron in width and 1 to 2 microns 
in length It is estimated by Bu- 
chanan' that if a bacterial celt had f'9 "■< Showing Sfreplococcos 

a volume of 1 cubic micron, it 'Se common lactic acid pro- 

would require 1 trillion to have a ducing organism 
total volume of 1 milliliter A mi- 
cron IS equivalent to 0 001 miiliracier or about 0 00004 of an inch and zs 
designated by the Greek letter 

The outer cell wall of bactena is a firm, permeable, and protective 
membrane through which the soluble food substances diffuse to the in- 
terior of the cell This cell wall may be composed of chiUn, or a cellulose- 
like substance Inside the cell wall is the ectoplast, a semipermeable 
membrane that acts as a regulator of substances that may enter and leave 
the cell The interior of the cell consists of protoplasmic matenal, vital to 
the life processes As yet no one has demonstrated a nucleus in a bacterial 
Cell Thus It IS evident that each individual cell is equipped to live as an 
independent entity 

The bsciectsl cc!i ttoraisUy div-Kfes by s process 

of transverse constnction into nvo separate daughter cells that grow and 
elongate Under favorable conditions cell division m many bactena occurs 
about once every half hour The two daughter cells give rise to four neiv 
individuals that in turn give rise to eight new cells — and so forth Thus 
bactena reproduce in geometric progression If one assumes one division 
each half hour and reproduction goes on unhindered, the progeny of a 
single cell would number approximately 140,750,000,000,000 mdividuals 
at the end of 24 hours A population of this magnitude is never approached 
because the unfavorable environment created by the gradual accumu- 
lation of biochemical products eventually checks growth and reproduction 
and finally results in bacterial destruction Some bacteria are capable of 
surrounding themselves with a protective covering enabling them to 
survive periods unfavorable to growth These specialized cells, called 
spores, eventually germinate under favorable environmental conditions 
These spores arc very resistant to desiccation and heat 
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— Chapter 47 

DAIRY MICROBIOLOGY: BACTERIA, 
YEASTS, AND MOLDS* 


The discovery op microorganisms was first recorded by Anthony 
van Leeuwenhoek, a Dutch lens maker in Delft, Holland m 1683 How- 
ever, microbiology— commonly called baclenology— began with the 
inspiring and illuminating researches of Pasteur, who gave to science the 
fundamental researches from I860 to 
18J5 laid the foundation for the science of microbiology He showed 
the close relationship between bacteria and the biochemical changes oc- 
currmg in various media Furthermore, he showed that certain diseases 
o man, o animals, and of plants were definitely caused by bacteria 
Pasteur is generally acclaimed the greatest biologist of all time 
deairZr'S°‘*‘° specialized branch of dairy science that 

thf* Hai«p nuc^rganisnu which are of economic importance to 
dehnt important branch of dairy science made its 

thmiurh u "*"^b:cnth century in this country, chiefly 

thrsmri? r^ 1,“'“"=''“ “"d svntings of Professor Conn at 

RmKlI M Station, and of Professor H L 

of dairv mieroh of Wisconsin At the present time the importance 

edee ^the ser grown to such proportions that a general knowl 

Ittd wu^ r”" for anyone intimately asso- 

of Its n™t w production and processmg of milk and the manufactunDg 
c2“ v^rnren •>"<= who has a knowledge of microbiology 

dcsiimed for thr^ assistance and co-opcration in formulatmg programs 
from the St H general welfare of the consumers and the dairy industry 
from the standpoint of public health 

are amntur*,^"^! molds belong to the plant kmgdom, they 

Thev are fre ^ ^ forms of plant life, both as to size and morphology 

or microscop'irbohr ““ “‘'""^anisms, mcaumg small, nunutc. 

ormnifr™** ro“' condit.oos, they are not destructive to livmg 

in natiirs. T'k habitats are many, for they are universally distributed 
diiT-snrY tu ^ SIX inches of soil contain several millions per gram 

abundarsr^ gTowng scason They are present on plants, and are also very 
summer levels of the atmosphere, particularly during the 

thrrp Id r. nucoorganisms are invariably present where 

the matter It would be difiBcult to find a surface exposed to 

s o nature that did not contain some form of microbic life 

distinctive characteristics of microorganisms 

Bacteria Withm the limits of present methods of microscopic ex- 
amiMtimi^ctena may be defined as umcellular organisms that arc 

Ihi* chapter u contributed by Dr E O Herxcid. of the University of Vermont. 
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Fig 116. Showing ihe charocferis- Fig 117 Showing the oval shape 
tic rod forms of some bacteria characteristic of yeasts 


favorable environmental conditions The parent cell serves as a sac to 
hold the spores, which are usually four in number With the return of 
favorable growing conditions, the spore sac absorbs water and bursts, 
thereby liberating the spores, each of which gives nse to a yeast cell 
The torulae, frequently called false yeasts, are morphologically similar 
to the true yeasts except that they do not produce spores Sever^ species 
are of economic importance to the dairy industry and wiU be mentioned 
later m connection with the abnormal fermentations occurring in milk 
and in cream 

Molds In contrast to bacteria, molds are multicellular fungi con- 
sisting of branching threadlike structures or filaments which are called 
hyphae Some of these vegetative hyphae grow on and procure food from 
the substrate, while some grow upward from the surface and are frequently 
called fertile hyphae Most molds reproduce by spores The fertile hyphae 
are capable of producing innumerable spores, each of which can continue 
the life cycle These spores serve the dual purpose of multiplying and of 
reproducing the species Bacterial spores will resist a temperamre of 80® C 
for 30 minutes, while mold spores arc destroyed at temperatures below 
pzisteunzation A number of species arc of desirable economic importance 
and will be referred to m a later discussion concerning the desirable and 
the undesirable fermentations occurring m milk products 

SOURCES OF MICROORGANISMS IN MILK 
One cannot state with any degree of ccrtamty the natural source of 
the bacteria frequently found in mdk For example, the natural habitat 
of the common milk sounng organism Streptococcus lactxs has not been 
established beyond isolating the organism from mangers, feces, the mouth 
of the cow, and materials about the dairy ‘ The potential sources of 

> Conn (Storrs) Agr Expe. Sta. But 59 1909 
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Fig 115 Showing spherical 
fornij of bacteria 

surface 


Morphology On the basis of ihcir 
sliapc, bacteria arc divided into three 
general t> pcs A cell of spherical form 
IS designated a coccus, one that is 
c)lindncai or rod shaped is called a 
bacillus, one of spiral shape is a spi- 
rillum The spherical and rod fonns 
Tre of most importance in the dairy 
industr> Some of the cocci grow 
singly and some arc arranged m 
pairs One t>pc frequently found in 
milk grows in pairs and short chains, 
and belongs to the genus Strtplococcus 
The rods usually appear singly, but 
they may under certain conditions 
appear as filamentous masses due to 
the sticky gelatinous material at the 


^^any bactena arc motile and move by means of very delicate ap- 
pendages called flagella These flagella may be located at one end of the 
cell, or m some bacteria several may be located at one or each end, while 
m other types the flagella may completely surround the cell These 
flagella presumably allow the organisms to search for more suitable cn- 
wonments Bacteria in aqueous solution when seen under the microscope 
may show rapid oscillatory movements extending over a short radius 
11- the movement of molecules within the liquid and not due 

;,rr « bacteria On the other hand, motile bactena move 

across the microscopic field with considerable rapidity 

1 Similar to bacteria m that they arc microscopic 

unicellular organisms devoid of chlorophyll However, they differ some- 
Tri 5‘n.ciurc, and shape As a rule yeasts 

m *ban bacteria, having dimensions ranging from 3 to 8 microns 

mav m«crons in length In shape the yeast cell 

cllipwidal, or circular, depending on the species A 
nhvtif “ ^hc cell Yeasts arc widely distributed, and sapro 

phytic and parasitic types arc found m nature Some are of considerable 
economic importance 

‘■y >>"<id>ng and by the formation of spores 
wall thT, T '•>«<= IS a bulging and softenmg of the cell 

rfalm a “a “ 'o of a bud coutammg some of the cyto 

plasm and a daughter nucleus A gradual conslrtctton occurs at the angle 
‘■““'“"S “ "■<= formatton of two daughter cells of utt 
equal size The small daughter cell matures rapidly and in turn may 
produce a bud and, thereby, contmue the life c>de Eventually the cells 
may be separated, however, in some mstances they may remain attached 
to one another 


Spore formation may also occur as a means of reproduction under un 
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Prucha and associates ^ reported that 
fresh feces contained 8,486,000 bac- 
teria per gram of dry matter Obvi- 
ously only small amounts of fecat 
material will increase the bacterial 
content of milk, and the organisms 
iviU be those that are most detrimen- 
tal to the quality of milk and mtIL 
products This source of contamina- 
tion can be practically climmated by 
keeping the udder and the danks 
clipped closely, and then washing 
these parts and drying them with a 
clean cloth before each milking The 
use of the small top pail %viil prevent 
much extraneous matter from drop- 
pmg into the milk 

Interior of udder. Lister’s ' mis- 
mterpretadon of his experiments in 
1878 established an opinion of long standing that freshly drawn milk as 
it comes from the udder is free from bactena He concluded that the 
bacterial growth m practically 96 per cent of the samples of aseptically 
d^a^vn milk was due to bacterial contammation from outside the udder 
However, m 1899, Moore* at Cornell Umversity proved that rniiy as it 
comes from the udder does contam bactena Ward * concluded that mdlr 
was sterile at the tune of actual secretion, but became contaminated m 
the small ductlets and m the milk cistern Small, round bactena (microcci) 
appear to be the most prommeot group of organisms normally found 
m aseptically drawn milk They are inert and produce no important 
changes in milk The total numb^ of bactena is aseptic milk from healthy 
cows vanes from a few hundred to thousands per milhJiter Frequently 
individuals in a herd have "^uch inherently high bacterial content that the 
herd imlk cannot comply with the ngid standards required for the produc- 
tion of certified milk, m which the count usually must not exceed 10,000 
bactena per milliliter In instances such as this, the milk from cows having 
excessive numbers of bactena must be excluded from the regular supply 

Feeds Since bactena are found on vegetation and m the soil, they 
are abundant on most grams and roughages It is evident that there is 
ample opportunity for bacienal contaminauon to occur m milk from 
feeds and litter about the stable, particularly if there is carelessness m 
feedmg practices The feeding of e.\ccssively dusty and moldy feeds should 
be avoided if it is humanly and economically possible It is preferable to 
feed after nulkmg or at a sufficient time pnor to milking so that the dust 

* Abs. Bact. 2, p 6 1918 

* Rogers A>fD associates. Fundamentals of Dauy Science. 2nd ctL. d 404 Reinbold 
Pub Co 1935 

* Proc. Soc. Prom. Ajr So., p 110 1899 

V (Cornell) Expt. Sia. CuL 178 1900 



Fig 119 Showing Pentci/fium 
roqueforii^ ihe mold prominent in 
the ripening of Roquefort cheese 
Fertile hyphae 
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^ '■‘x. bacteria are great because of their 

(T universal and natural presence m 

/ 0 feeds, ensilage, and the soil 

/ \ The numbers of bacteria in freshly 

/ \ vary from a few 

I J \ ''►'‘th sanitary methods to 

I Q y» I hundred thousand ivith care- 

l ft I less methods of production The chief 

\ v / °f bacteria will be discussed 

\ w. ft Y / Equipment. Much expienmental 

\ / "^oek has been accumulated to show 

that improperly cleaned farm utensils 
containing remnants of milk solids 
F.g 118 Showing Oospo, a lacf«, free moisture contnbutp thou 

□ mold found mm, Ik The,nd,„duol f ’’f 

celU ore colled con, dm or more, f’'«''cm,ore, the bacteria lue 

^ actively growing at the time the 

, warm milk comes in contact with 

the utensils, and the numbers increase rapidly before cooling to 10“ C 
^^^“P^'^hed To accentuate this condition, the flavors and 
siirfar ^ t fcsult of thc gTowth and metabolism of bacteria on the 
surfaces of utensils are carried into thc milk and cream Milkmg machmes 

^ properly cleaned and sterilized, are prohlic 
sources of bactenal contammation 

however, for the production of milk and cream of 
orLue. wh ,r ferm To obtain a high grade 
sanitation mmr'h fluid milk, butter, cheese, or tec cream, scrupulous 
ing operations ,S|f Arrough the processing and thc manufactur- 
butter onH means that pasteunzers, pumps, coolers, cheese, 

kent rlpa A equipment, churns, and other equipment must be 

S X H ■”>“ 0“ bo accomplished on the farms 

removintr m f l rinsing the metal surfaces ivith cold water and 

washintr rvo ° solids, brushing the surfaces with a hot alkalme 

ticallv rinsing them twice with cold water, and prac- 

dSrov Sm ^ steam for five minutes This ^vlll 

usuaUv ?n? vegetative forms of bacteria, the spores, which are 

cleaned “ninbcrs are concerned, are left on the 

no free mn uicnsils iviU dram and dry rapidl>, leaving 

farm and^ ° ii found ordinarily on unstenhzed utensils on the 

of unclean e^ ^ chiefly acid producers However, m the case 

vea^S havet''"“; “‘^J^tionablc types, together ivith molds and 

> e^is, have been found m abundance 

adwl^n^ff The cow’s covermg presents abundant surface for 

end fpp ^ *1'^ matenal Commonly such adhermg debns consists of 

soil, feces, and general filth about the stable contammg large numbers of 
undesirable bacteria, chiefly the gas producing and putrefacme t>-pcs 
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I molds secure such energy by the oxidation of organic and inorganic com- 
pounds 

' The food substances utili2ed by micoorganisms must be in simple and 
soluble form before assimilation by the oi^amsm can take place Most of 
the constituents of milk are too complex to be used immediately by micro- 
organisms Consequently, the organisms must partially decompose the 
proteins, the fats, and the sugars into simpler compounds before they can 
be utilized for energy, for maintenance, and for growth This is accom- 
plished chiefly through the action of enzymes secreted by the bactenaJ cell 
The enzyme may be defined as an organic catalyst capable of inducing a 
biochemical reaction without becoming a part of the final products of the 
reaction It is not definitely known how many different kinds of enzymes 
are secreted by bacteria Some may secrete one or several different en- 
zymes capable of producing different chemical products The reactions are 
chiefly hydrolytic and oxidative For example, an enzyme capable of 
hydrolyzing proteins is given the general name of a protease One hydro- 
lyzing fat belongs to the general group of lipases One of the oxidizing 
enzymes frequently alluded to in dairy literature, called catalase, is 
secreted by a great number of bacteria The outstanding characteristic of 
an enzyme is the infinitesimally small amount that is capable of bringing 
about profound chemical changes m the substances acted upon 

Milk contains all the substances necessary for the growth and develop- 
ment of most bacteria of economic importance to the dairy industry 
Therefore, the nutritional requirements of bacteria will be correlated 
with the constituents of milk products 

Bacteria require a source of carbon, and m milk and milk products 
lactose IS the most readily available source However, before lactose, a 
disacchande, can be utilized by bacteria, it must be split by the enzyme, 
lactase, mto its constituent sugars, glucose and galactose Of the tivo, 
gSuccpi&c IS most readiSy fetmented to simpler compounds, such as lactic 
acid, alcohol, and carbon dioxide It is believed that the resistance of 
galactose to fermentation is due to the different molecular structure as 
compared to glucose Under certain conditions bacteria may get their 
carbon from the proteins 

The butterfat of milk consists of a mixture of triglycerides that under 
Certain conditions might serve as a source of carbon or energy far bacteria, 
A number of species of bacteria will induce hy drolytic reactions m butter- 
fat through the action of hpase like enzymes, and will liberate free fatty 
acids and glycerol Rancid butter is a typical example of this biochemical 
reaction 

Bacteria that grow and produce biochemical changes m milk utilize 
nitrogen Casein, lactalbumin, and lactoglobulm arc the principle nitrog- 
enous compounds m milk in addition to the phospholipids The degree 
of decomposition of ihcsc milk proteins by bacteria vanes greatly , depend- 
ing on the types of bacteria If the nitrogen demands of an organism are 
considerable, it is evident that such complex molecular structures as die 
proteins of milk must undergo radical chemical changes tlirough the 
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has subsided It has been shown that the atmosphere in a ventilated bam 
IS not a serious source of bacterial contamination under carefully managed 
conditions 

Stable. It has been shown that the stable is not directly responsible 
for the large numbers of bacteria in milk Indirectly, however, the stable 
is an important factor Adequate light and ventilation contribute to the 
hedth of the animals In addition, milk obtained in a well-vcntilated 
stable is not so likely to absorb the flavors and aromas associated with 
the barn during the winter months The ceilings should be tight to prevent 
dust and dirt falling from haylofts, and the general construction should be 
such as to discourage the accumulation of dirt The esthetic features of a 
airy arn are important factors in encouraging the employment of strict 
sanitation ^ ^ 

Water supplies A bactenologically pure water supply is of vital 
importance on the farm and in the dairy plant Badly polluted water in- 
variably harbors the types of bacteria most detrimental to the keeping 
products and to public health Impure water 
milk contammation, so that equipment used in handling 

infecteH dairy plants frequently becomes 

Infected wat are not destroyed by pasteurization 

in creamcnes^*^ supplies have been the cause of serious economic losses 

re^ire^t^Wn* successful operation of a dairy farm or a dairy plant 
in?eUi 7 entanX!?®® concerned with sanitation, aS their 

of fine ouali^^ 11.°^ production of clean milk and the manufacture 

uiatwe^amS,r‘^ I' 

applvine a few F ”” the farms and m the dairy plants m 

mdus^®.Ldd that y.cid desirable results The dairy 

Icssness and n 1 tolerate irresponsible personnel who, through care- 
factors of samtf appreciate in every aspect the fundamental 
nullified if dai he good effects of any quality program are largely 

Most of the the farms and plant workers fail to do their part 

Section producing areas have rigid systems of m- 

samtarv snenfi dairy plants Those not complying with 

b«ng rcfuKd arth^plams*’™'^'^ 

the hiehestTvn"*^ f **'^11*" *** ramifications should employ peisons of 

of aSV,?m Fn of mteihgence and traimng. thus insuring the safeguarding 
in milk a'iid milk pr'oducu'™ utmost confidence 

CHEMICAL PHYSICAL REQUIREMENTS OF MICROORGANISMS 

uti^farraT,"'.™ oWoraphyll, and therefore they cannot 

and for ***" synthesize compounds for energy 

Food supply. Bacteria must have sources of food that will supply 
energy for growth and devetopment Most of the bacteria, > easts, and 
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below the optimum required. Most molds grow best in a humid atmos- 
phere that is near the point of saturation; in fact, it is a common obser- 
vation to see them growing on the c.xposed surfaces of foods stored in damp 
places. 

Temperature is one of the very important factors affecting the growth 
of bacteria in milk and milk products containing othenvise adequate 
moisture and available nutriment. The growth and metabolism of bac- 
teria is a biochemical process that is difficult to express in a quantitative 
reaction. As a rule the rate of a chemical reaction is approximately dou- 
bled for each rise in temperature of 10“ C. Such a change in temperature 
can influence greatly the kind of products elaborated by a bacterial cell 
from what might be produced under other temperature conditions. For 
example, in the manufacture of the popular American Cheddar cheese 
the temperature during the manufacturing process must be carefully 
controlled; furthermore, the cheese must be ripened at the proper tem- 
perature in order to obtain the desired flavor and aroma so characteristic 
of this cheese. In the manufacturing process of a highly flavored butter 
special cultures are employed to develop a fine flavor and aroma in the 
finished product. In order to accomplish this, the cream must be held at a 
temperature of 21 to 22“ C. for 10 to 12 hours to undergo what is com- 
monly called ripening. Any marked deviation from thb temperature will 
not give the desired results. 

In genera], mlcoorganisms grow over a wide range of temperatures. 
By far the greatest number of species of importance to the dairy industry 
grow within the range of 5 to 45“ C. The growth is sIonv for most types at 
both extremes. The optimum temperature employed for the common 
lactic acid producing bacteria is in the region of 20 to 22.2“ G.; they will 
grow rapidly at temperatures of 27 to 38.8“ C., but these higher temper- 
atures also stimulate the growth of bacteria that produce biochemical 
substances detrimental to the quality ol milk and milk products. 

A group of bacteria frequently encountered in the dairy industry grow 
at temperatures above 50“ C. These are called thermophilic (heat-loving). 
These thermophilic types are found in the surface of the soil, in decaying 
manures, and in silage. Since they are widely distributed in nature, they 
are usually found in raiv and in pasteurized milk. According to Rogers 
and cissociates ^ some of the true ffiermophilict ypes survive temperatures 
of 62.5 to 65.5“ C. and may also gro%v and multiply between 30 and 
65.6“ C. Some of the heat-loving types do not grow, but may survive 
ordinary pasteurization temperatures; they are called thermoduric types. 

A few species of bacteria grow at temperatures below 5.0° C.; these 
are called the psychrophilic or cold-loving types. These micoorganisms 
arc found chiefly in cold water sources, such as wells. Certain of the water 
bacteria arc very detrimental to the quality of milk products as they cause 
undesirable fermentations. Furthermore, these water bacteria grow at 
temperatures that retard other types. 


' Rogers and associates. Op . at . 
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activity of enzymes before the simpler nitrogen compounds such as ammo] 
acids and proteoses are available for absorption by the bactenad cell 
When protein cleavage has reached this stage, milk and cream usually 
are unfit for human consumption or for manufacturing purposes How- 
ever, Kieferle and Gloetzl ^ have shown that milk does contain, in addition 
to the proteins mentioned, a variety of nitrogenous substances, such as 
urea, ammo nitrogen, creatin, creatinin, and uric acid, that may serve 
as a source of nitrogen The quantity of these compounds in milk is small, 
yet the amounts may be sufficient as a sole source of nitrogen for those 
bacteria unable to utilize the more complex proteins Most of the bacteria 
of economic importance to the dairy industry have been shown to exhibit 
varying degrees of ability to decompose proteins 

Oxygen. The oxygen requirements of micoorgamsms found in milk 
and milk products vary within rather wide limits, and they may, therefore, 
be conveniently divided into four general groups Those that require free 
oxygen are called aerobic, while those that will not tolerate free oxygen 
are called anaerobic The anaerobic bactena, however, require the pres- 
ence of certain compounds that can be reduced, and make use of the 
oxygen thus liberated A third grouping includes the facultative bacteria, 
which are able to grow under either aerobic or anaerobic conditions A 
ou^h group includes bacteria that will not grow under atmospheric 
conditions, but require small but definite quantities of oxygen, these are 
called microaerophilic The typical lactic acid producing bacteria belong 
o e facultative group At the other extreme are the molds frequently 
seen growing on exposed surfaces containmg organic matter , these require 
ee oxyg^en The true yeasts and the torula of importance in dairying are 
able to thrive between the extremes of the absence and the presence of free 
oxygen ^ 

Moisture Water is indispensable for the growth and metabolism of 
ac cna, ye^ts, and molds ^ctena and yeasts grow best in an aqueous 
solution such as milk According to Buchanan and Fulmer* bactena 
contain from 70 to 90 per cent water If the medium m which the or- 
ganism is growing does not contain adequate moisture, growth will be 
^ disturbance of the water equilibrium in the bacterial 
u *u cream contain adequate water for bacterial growth Al- 
though butter contains at the most 16 per cent water which, because 
tu c water do not form molecular solutions, is distributed id 

° droplets, unsalted butter may contain several millions 
^ bactena per milhhtcr In salted butter the numbers are not so great 
because of the retarding effect of the salt The different varieties of cheese 
contain varying amounts of salt, and frtim 30 to 40 per cent moisture that 
a equate y maintains the growth of the microflora concerned m npemng 
Un the other hand, the different kinds of dried milk powder do not support 
bacterial grow th because the moisture content of 3 to 5 per cent is far 
‘Milchw Forsch 11 6J-117 1930 

Vol l,p 


68 W illiam* and VVilkiM Co , 
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plates, foUo\^ed by a liquid nutnent medium that solidifies at 38 to 
40” C and supports the growth of microorganisms The assumption is 
that each bacterial cell will germinate and give nse to a visible cluster 
of bacteria called a colony These Petri plates have an internal area of 
65-66 square centimeters If 1 mUliIitcr of milk containing about 10,000 
bacteria were placed in the plate and most of them ivere to grow, the 
plate tvould be so crow ded with colonies that an accurate estimation would 
be impossible For this reason it is usually necessary to start with a dilu- 
tion of 1 milliliter of milk m 99 milliliters of stenle water, making a 
concentration of 1-100 Taking 1 miUiIiter of this dilution (1-100) m 99 
of water, a concentration of 1-1,000 is obtained If 15 colonies develop on 
the plate with a dilution of 1-1,000, the count will be 15 X 1,000, or 
15,000 bacteria per milliliter or gram, dependmg on the product and the 
unit used Not all the bacteria in raw milk grow on this standard medium, 
consequently the microscopic count is almost always higher than the 
plate count 

The microscopic and plate count methods have their individual ad- 
vantages and limitations that arc not withm the scope of this discussion 
It IS sufficient to state that both have proved valuable for estimating the 
numbers and types of microorganisms in milk and its products, tvith 
ultimate application to the improvement of quality 

BIOCHEMICAL CHANGES IN MILK PRODUCTS 
Desirable Fermentotions 

Some of the desirable fermentations occurring m milk have been 
discovered more or less accidentally and have been put to practical use 
In so far as it is possible, these fermentations m milk and its products are 
frcfin vive. vVft pscR.ears'vn'g and 

manufacturmg operations In the following discussion the organisms as- 
sociated with specific fermentations will be cited whenever possible These 
names may appear unwieldy, but international agreement has resulted 
in the adaption of Latin as the common language for naming micro- 
organisms The first name, a proper noun, is the genus, the second is 
the species 

Butter cultures Butter cultures or starters are of importance because 
of their ability to impart desirable flavors and aromas to milk, cream, 
butter, and certain varieties of cheese Butter cultures are carried in milk 
and consist of Streplococcus laetts and associated citnc acid fermenting 
streptococci that are called Stupiococais cUroiorous and Streptococcus para- 
citrotorous One or the other of the associative organisms must be present 
in a butter culture to obtain the desired flavors The characteristic flavor 
and aroma of butter cultures arc due to the associative acidity of S 
lactis and the citric acid fermenting streptococci The biochemical prod- 
ucts formed arc lacuc, acetic, and proponic acids, and diacetyl from 
acclylmethylcarbmol The optimum temperature for butter cultures is 
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Osmotic pressure. The effect of osmotic pressure on bactena is of 
importance m dairying By definition this is the force created when two 
solutions of unequal concentration and separated from each other by a 
semipermeable membrane seek an equalization of the substances m 
solution The semipermeable membrane in the bacterial cell is the 
ectoplast lying just within the outer cell wall and surrounding the proto- 
plasm In this respect sweetened condensed milk is an illustration of a 
product having a relatively high osmotic pressure due to the sucrose con- 
centration of 40 to 42 per cent Bacteria do not, as a rule, grow in this 
product This is due to the fact that the concentration of the constituents 
in the bacterial cell are lower than that of the sweetened milk, resulting 
in the passage of water from the cell into the condensed milk until the 


concentration inside and outside the cell is equal The cell loses water, 
and thus its growth is retarded or actually inhibited Bactena vary m 
their sensitivity to osmotic pressure, and certain species may gradually 
become acclimated to increased pressures On the other hand, it is equally 
possible that the growth and metabolism of bacteria in a medium may 
result in the gradual accumulation of products that increase the osmotic 
pr^ure to an intolerable point, resulting m the death of the cells 
Hydrogen ion activity. As bactena grow in milk and milk products, 
they gradually change their environment These changes may be mam- 
lested m several ways If such changes are accompanied by acid develop- 
ment, ultimately a point is reached where the accumulation of dissociated 
acids and active hydrogen ions, or an increase of undissociatcd acids, or 
both, may limit the growth of bactena As an example, the common lactic 
act producing bacteria wdl not usually produce an acidity m the milk to 
excee per cent calculated as lactic acid Furthermore, changes m al- 
kalimty may be equally disastrous to bactenal hfc 


METHODS OF ESTtA«\ATING MICROORGANISMS 
, a number of methods employed to estimate the numbers of 

products Two common procedures will be de- 
ri or m Both may be modified for other dairy products 
rt ® method, or the direct microscopic count. In this method 

^ spread over an area of 1 square centimeter and 

L This thm film is stained with a dye, colonng the 

be clearly seen with the aid of a microscope 
e microscope is so calibrated that approximately 1/3,000 part of a 
quare centimeter is visible in each field, or, stated another way, each 
^’000 microscopic fields Due to the fact 
^ y of a milliliter of milk is used, each microscopic field is 
equivalent to 1 /300,000 (3,000 X 100) part of a milliliter Each organism 
tound, therefore, represents 300,000 bactena per milliliter of milk For 
eiamplc, it an examination of 30 fields shows an average of 10 bactena, 
thu would mean a total count of 3,000,000 (300,000 X 10) per milliliter 
The ag^ plate count This method, which may be used for bacteria, 
yeasts, and molds, consists of addmg milk m varying quantities to Petn 
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from 21 to 22® C , and the time required to produce the desired flavor 
and aroma varies from 12 to 16 hours Butter cultures, when allowed 
to grow m cream, develop theu* characteristic flavors and aromas that 
are incorporated in the butter during the process of churning Dr B W 
Hammer and associates at Iowa State College have made the most im- 
portant contributions to the microbiology and the biochemistry of butter 
cultures in this country 

Cheese making The production of ripened cheeses is entirely de- 
pendent upon microorganisms for the changes that take place m the 
npenmg process and in prepanng the milk for cheese making (For more 
details on cheese making see Chapter 52 ) In Cheddar cheese production, 
S lactis first develops the necessary acidity of the milk and cheese then 
dies, and Lactobacillus casei next act upon the proteins to break them 
down into simpler compounds In the making of Roquefort types of 
cheese, S lachs is depended upon to bnng about the proper acidity, and 
then the mold Pemctllium roqueJotU is added to bring about the lireak- 
down of proteins and fats In the production of Swiss cheese, Stupto 
coccus themophilus pla>s an important part because it survives and dc» 
ve ops in the high temperatures to which the curd is subjected in the 
process Later the Lactobacillus caset and Propiombaclcrtum shermamt develop 
to produce the necessary breakdowns and flavors 
in the production of soft cheeses like cottage, Neufchatcl, full cream, 
amem ert, and others, microorganisms are equally important S latM 
is use to produce the acidity required, and then other organisms are 
used in the ripening process for those that are ripened In the case of 
Lamembert a mold, Pemctllium camembetU, is used 
r ^^1!“ j cream A popular use of butter culture is m the preparation 
ol cultured cream The cream is pasteurized, cooled to 21 to 22“ C , and 
inoculated with butter cultures untU an acidity of 0 45 to 0 50 per cent has 
Qcveioped This cream is relished by all classes of people Cultured milk 
and buttemilk are prepared in essentiaUy the same manner 

1 op 1 us milk This IS a fermented mdk prepared by inoculating 

SL”*’ «cnlc milk at 37 to 38“ G with the organism Lacto 

ffT-nwe ® therapeutic value m that L acidoplali^ 

^ mtestinal tract and prevents the growth of the toxin secretmg 
milk fn acteria This organism produces lactic acid from lactose m 
milk to the extent of 2 per cent 

Undesirable Fermentations 

riHpHiJf if capable of producing fermentations dc 

nnrt tt, ^ plant men are seeking to eliminate these microorganisms 

and thus improve the quality of milk products 

ounng o milk The formation of lactic acid from lactose and the 
su sequen sounng are usually the first reactions occurring in milk an 
cream A number of species are able to ferment lactose, but the most 
typical representative is Streptococcus lactis Acid formation is rapid be 
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this disease, their appearance m milk usually is due to faulty and careless 
methods of production on the farm 

The diseases most frequently convc>cd through milk and its products 
have been mentioned , others might be included but their occurrence is 
infrequent From the foregoing discussion the consumer may rightfully 
question When is milk safe for human consumption^ An answer must 
include a practical consideration of conditions cKistmg on the farms in this 
country 

Measures for Protection 

In the first place, only a few dairymen in the United States are produc- 
mg raw and selling it as such for human consumption The producing 
ammals are subjected to periodic examination This involves testing for 
the common animal diseases Animals reacting posiuvely arc permanently 
isolated and not allowed to reenter the herd unless consistently negative 
tests are obtained The barns and milk rooms must meet certain standards 
with respect to light, ventilation, and sanitary features The attendants 
and milkers must be healthy and submit to periodic health exammations 
These m general are the standards under which certified and grade A 
raw milk of a low bacterial content per milliliter are produced Raw milk 
produced under these conditions is as nearly safe for human consumption 
as possible with our present knowledge of methods of production and 
detection of disease The efficiency of this system may be judged by the 
record that since 1892,^ only two epidemics of milk*bonc diseases have 
been reported for certified milk Pasteurization of certified milk is noiv 
permitted Certified milk, which constitutes a very small portion of the 
total milk produced in this country, commands a premium pnee, there- 
fore the producer can usually afford the added expense of supervision 
The ultimate goal is complete disease eradication m all herds, but it 
will be some time before this ideal will be achieved It is for this reason 
that practically all the fluid milk sold throughout the United States is 
pasteurized Pasteurization is entirely dependable if properly earned 
out, since this process destroys all pathogens that are commonly respon- 
sible for milk-bome epidemics Careless and unsanitary methods of 
handling the milk after pasteurization may result in recontamination 
with disease producing and other undesirable bacteria, but this is no fault 
of the process From the standpoint of both public health and the nutn- 
lional value of milk there are no strong arguments against pasteurization 
The small producer-distributor can reduce the cost factor to a low figure 
through jointly owned pasteunzing and processing plants 

Pasteurization protects the town and cuy consumer, but the farmer 
and his family are still confronted with a health problem If there is the 
least suspicion that individuals in the producing herd are infected with 
animal diseases the raw milk from such cows should not be used in the 


*«uf. 
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household If the entire herd is under suspicion, then the milk should be 
pasteurized Most of the large nulk and creamery companies now have 
inspectors in the field to assist the farmers m improving the equality of their 
product State inspectors and veterinarians arc likewise co-operating in 
this respect Therefore, the farmer has a number of agencies to draw 
upon, if he will, for assistance in eliminating disease from the producing 
herd 

The dairy plant and the patron can do much by co-operating to prevent 
the spread of milk-borne epidemics One of the largest milk plants in the 
Northeast has adopted a practical procedure for combating the spread 
of the common contagious diseases If a patron’s family is taken ill, the 
milk IS withheld from the plant during the quarantine period, but the 
farmer is paid in full The plant personnel must report for regular health 
examinations, and the slightest evidence of disease is reported to the man- 
ager 


Very frequently samples of milk are sent to laboratories by dairy farmers 
and plant men with the urgent request that a bacteriological test be 
made for some of the common diseases, such as tuberculosis, contagious 
abortion, and mastitis In most instances httlc information of value can 
e gained from the specimens These samples are usually m poor condition 
when they reach the laboratory from having been subjected to warm 
temperatures in transit, and thus with the bacteriological picture greatly 
lnn» A 1 samples had been properly refrigerated m transitj a 

long and laborious task would confront the technician to ascertain the 
abKnce or presence of the tubercle bacillus in milk It is true that the 
mS-ur “f “feclion for humans is from milk, but unless the active 

iniiv Tt? W” ^ * udder, the organism is not regularly discharged in the 
j , L organism does not ordinarily grow in milk It 

’ ore, be a long and laborious process to isolate and identify 
^ Culturally the tubercle bacillus in milk in view of its 
situation might be further complicated by the 
artartef^ o ™icoorganisms of similar morphological and cultural char- 
thTJUt laboratory method is to inoculate subcutaneously some of 

anH ^ * "V ^ ^ small laboratory animal, such as the guinea p>?« 

for the development of lesions The same 
tion in rmlk procedures apply to the detection of contagious abor- 


arp nr.h c mcthods for detecting mastitis or the udder disorders 

milk orious and time consummg The physical condition of the 

valnf- ^ microscopic examination may yield information o 

value in the hands of an expert 
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COMMON TESTS OF MILK 
AND CREAM 


The different tests applied to milk and its products are numbered 
in the hundreds Only the more commonly used tests for various milk 
ingredients and some of the tests for quality will be considered here. 

SAMPLING 

Whatever the test to be determined is, it is essential that the product 
first be sampled correctly As has been previously noted, milk fat starts 
nsmg as soon as milk stands Immediately before a sample is taken for 
analysis or tests, the milk or cream should be thoroughly mixed either by 
agitation with the proper stirring rod or by pouring it several times back 
and forth betiveen two containers 

When milk or cream is sour or partially frozen, special precautions 
must be taken to secure a homogeneous mixture of the whole before a 
representative sample can be taken Frozen products must be completely 
thawed out and thoroughly mixed, as the frozen crystals consist mostly 
of water, while the liquid portion has an increase m both fat and other 
radk solids In sour milk or cream large lumps of curd are frequently 
present which must be thoroughly broken up and dispersed in order that 
a representative sample may be taken 

Partially churned lots are difficult to sample Fairly representative 
samples may be taken by beating the lot to over 100* F and thoroughly 
agitating it to temporarily redisperse the churned fat 

Composite sampling When samples arc to be tested over a period of 
time, it is generally advisable to combine the daily samples into one sample 
to save time and work When this is done (as in creameries which buy 
cream dady and test it once every two weeks) each sample should be 
proportionate to the amount that it represents To have a representative 
composite sample of two lots of cream of 20 to 40 pounds each, twice as 
large a sample should be taken from the 40 pound lot as from the 20 
pound lot 

Because of the possible great vanauon in cream, it is essential that each 
lot be sampled When milk is purchased, it is customary to take samples 
at random for from three to six times a month 

Aliquot samples may be taken by a so-called “milk thief,” which is a 
tube that can be inserted to the bottom and filled with the liquid to the 
level It IS in the container — usually a milk or cream can Proper use of the 
tube insures aliquot sampling 

Milk IS usually sampled with small dippers 
557 
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Fig 120 Glassware needed for conducting Bobcock tests on milk, creom/ 
and skim milk 1, 2, and 3, skim milk, whole milk, and cream test 
4, acid dipper, 5, acid cylinder, 6, 9 cc pipette used for charging j 

test bottle when weighing 7, 17 6 cc p pette used for measuring mi 
skim milk 


Sample jars Any glass bottle or jar that can be tightly stoppers 
serve as a composite sample jar Usually a half pmt size is the rnos 
venicnt Composite sample jars must be tightly stoppered 
evaporation Rubber stoppers are the most desirable although g 
stoppers arc satisfactory j f r the 

Preservatives There arc three different preservatives used o ^ 
proper keeping of composite samples These are formalm, 
chlondc or corrosive sublimate, and potassium dichromatc Samp 
which total solids are to be determined should not be 
cither mcrcunc bichloride or potassium dichromate as both of 
increase the total solid values, which formalin will not Any of ^ 
scrvativcs is satisfactory for fat determination, although a little 
is sometimes experienced in secunng complete digestion of t c 
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conductmg the Babcock test when formalin has been used as a preserva- 
tive 

Since formalin is relatively nonpoisonous, it is the safest of the three 
preservauves It is also quite cheap The disadvantage in its use is that it 
must be pipetted into the sample jar, while the other uvo preservatives 
come m tablet form One tablet will preserve a pmt of milk or cream for 
two weeks, to 1 cc of formalin is required to preserve the same amount 
Corrosive sublimate, m addmon to being extremely poisonous, attacks 
mptak Potassium dichromate is not so poisonous as the corrosive subli- 
mate and does not attack metaJ 

FAT DETERMINATION 

Most milk and cream is bought and sold upon us fat content whether 
it is mtended for market milk, butter, cheese, or other products The ac- 
curate detenmnation of the fat content of milk and cream is, therefore, not 
only the most important but the most extensively applied chemical test 
of milk Prior to 1890, when S M Babcock discovered the Babcock test, 
the fat content of was crudely deterramed in commerce either by 
churning a small portion and weighing the butter or by measuring the 
depth of the cream layer After the baixock test for fat ivas developed, it 
be^me and still is the standard by which milk and cream is sold m North 
America In. Europe the Gerber test is the standard In addition to the 
Babcock test there are the more accurate but more laborious and costly 
Roese Gottlieb test and several others, as the Minnesota Babcock test and 
the Fucoma, a modification of the Gerber test 

The Babcock Test 

The Babcock test is based upon the fact that strong sulphunc acid ivill 
digest the fat stabilizers of the milk or milk product and will not attack 
the fat when it is properly used In the digestion of the organic material 
and mixing with the water a great deal of heat is developed which liquefies 
the fat and facilitates us coalescence The sulphunc acid increases the 
specific gravity and loivcrs the mterfacial tension to further facilitate the 
rising of the fat 

Taking advantage of these facts. Dr Babcock of the Wisconsm Ex- 
penment Station devised glassware to measure the proper amounts of 
milk and acid, and a milk test bottle in which the reaction could take place 
and the fat be measured 

Equipment for testing milk (Fig 120 ) The equipment for testing 
milk consists of 

1 A milk test bottle with a bulb capaaty of 45 to 50 cc, and a neck with a 
scale graduated so that the fat percentage can be read directly in per cent 
by waghu One cubic centimeter capacity of the neck is equivalent to 5 
per cent of fat, as fat at the temperatures recommended for reading has 
a speafic gravity of 0 9 and 18 grams of milk are used 

2 A pipette of 17 6 cc. capaaty This delivers 17 5 cc. milk, which u equivalent 
to 18 grams when the speafic gravity is 1 032. 




I j QfQ drivcf* 

F g 121 A steam turbine driven Babcock centrifuge Other sty 
by electr c motors or by hand power 


3 A n 5 cc acid measure , . g, 

4 Commercial sulphuric acid with a speafic gra y 

5 An appropriate centnfugc (Fig 121 ) 

6 An appropriate water bath 

7 A pair of dividers heUNcen 60 and 

Conducting the test First the milk is warme pipetie / 

70° F and thoroughly mixed The milk is drawn ^ is 

!uct.on unul .t .s ^ibovc the 17 6 cc merk when *= flow out 

placed over the top of the P'!"™ J^',““oLscua ^0000 wnh the tnur , 
of the pipette until the upper surface of the menisc 
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then the pipette is inserted in the test bottle and discharged The last drop 
IS blown out before the pipette is removed Most pipettes have delivery 
tubes sufficiently small that the> will enter the neck of the test bottle 
When this procedure is used, care should be taken to wipe off all milk 
adhering to the pipette or too much wiU be discharged mto the test bottle 
When the delivery tube of the pipette is too large to enter the neck of the 
test bottle, the discharge is effected by bolding the pipette at an angle 
against the opening of the test bottle and checking the flow with the fore- 
finger over the top of the pipette, so that the milk will flow down one side 
of the neck and permit air to escape frona the test bottle 

Adding acid Next, 17 5 cc of cold commercial sulphunc acid is meas- 
ured, either in the standard acid measure or m a glass dipper This is 
added slowly to the milk, the test bottle being tilted and rotated so that 
the acid will wash down an> milk remaining on the walls of the neck 
The acid may be added all at one time, although better results arc secured 
when one half to two thirds is added and the sample mixed before the 
remainder is added Mixing the acid and the milk is effected by rotating 
the bottle so that the mixture whirls around the outside wall Shaking m 
any way so that the mixture stnkcs the neck of the bottle will cause the 
portions sinking to be blown out of the bottle, due to the fo cc of vapors 
generated by the action of the acid upon the milk If the acid is of the 
proper strength and the mixmg has been thorough, the mixture is from 
wine to a light coffee color If it is lighter than this, more acid should be 
added If u is too dark, 2 or 3 cc of water should be added to check the 
action of the acid 

Centrifuging The mixed samples should be placed immediately in the 
centrifuge and whirled for five minutes at the proper speed The proper 
speed for the wheel of an> centrifuge may be calculated from the following 
formula 

Velocity » 

Babcock found 800 r p m for a wheel 18 inches in diameter or a radius of 
9 inches to be correct As the centrifugal force at any given speed is pro- 
poriionaie to the square of the radius, the above formula results On the 
basis of this formula the proper speeds of centrifuges with wheels of dif- 
ferent diameters are 



Diameter of Wheel 
Inches 
10 
12 
H 
16 
18 
20 
22 
24 


Speed of wheel 
RPM 
1,074 
980 
809 
848 
800 
759 
724 
693 
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Care must be taken to insure a balance of the 
bottles m the machine by placing them opposite 
one another on the wheel In case an odd num- 
ber of bottles arc to be centrifuged, a balance may 
be brought about by using bottles filled with 


water 

After 5 minutes the centrifuge is stopped and 
hot water is added to bring the contents up to the 
base of the bottle neck Unless soft water is used 
a few drops of sulphuric acid should be added 
to insure a clearer test The bottles are then ccn- 


tnfuged for two minutes Again the centrifuge is 
stopped, and hot water is added to bring the fat 
up into the graduated scale of the bottle neck, 
after which the bottles are centrifuged for one 


Ud Dui 401 minute 

Fig 122 Illustrating The bottles arc now placed in a water bath at 
how the fat column of *30 to 140“ F for five minutes The water bat 
the Babcock milk lest <>“P enough so that the bo* 

should be read The *'“<*5 to the top of the fat column Fat tiM 
reading should bo gravtty of 0 9 at 135“ F , and as *bc s™' 

token from the upper °n ‘be test bottle neck is calibrated for fat at tna 

port of the upper specific gravtty, correct temperature is imporian 

meniicui to Ihe hot- for accurate testing 

lorn of the lower me ffmding the test If the test has been pro^ F 
niscus conducted, the fat appears m the graduatca sc<u 

of the bottle neck as a clear >ellow liquid sharp 7 
separated from a clear water below The fat has two well-defined rocnisa. 
one at the lop and one at the bottom The top one is concave and the 
lower one is convex in relation to the fat The reading is made from t c 
extreme bottom of the lower meniscus to the extreme top of the 
meniscus (Fig 122 ) Dividers should be used to secure the height o ® 
fat column, then lowered so one point is at 0, the other point will t 
indicate the correct fat reading in per cent (Fig 123) . 

Testing cream for fat The testing of cream for fat content by 
Babcock method is the same in pnnciplc as that for testing milk ^ 
arc, however, some variations Cream, because of its varying 
gravity and high viscosu>, cannot be accurately measured and, there o» 
must be weighed Because of the high fat content the cream test | 
a larger neck and a much greater scale than has the milk test bott c 
usually graduated to read up to 50 per cent . ^ 

The cream test bottle may be for cither 1 8 or 9 gram samples The ^ 
IS now more commonly used When a 9 gram sample is used, om> 
of acid should be added unless 9 cc of cold water arc first ^From 

cream in the test bottle, when 17 5 cc of acid should be added 
this point the procedure in testing cream is the same as that for t 
milk except in reading the test 
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Before the cream test is 
read, the upper meniscus is 
eliminated by adding a few 
drops of so-called red reader 
The red reader should be al 
lowed to flow down the walls 
of the neck to the surface of 
the fat — never dropped into 
the fat After the red reader 
IS added, the test is read from 
the bottom of the lower me- 
niscus to the flat top surface 
of the fat A pair of dividers 
IS used and the procedure is 
earned out in other respects 
as for testing milk 
The 9 gram cream test 
bottle IS more accurate than 
the 18 gram bottle as the 
bore of the neck is smaller 



Fig 123 Illustrating the reading of Bab 
cock cream test The upper meniscus is 
destroyed by an oil 


A longer necked 1 8 gram bottle having the same bore as the ordinary 9 
gram bottle is available However, a special centrifuge is required for this 
type of bottle, which is known as the 18 gram 9 inch bottle The ordinary 
9 gram or 18 gram bottle is 6 inches in height 
Attention is also called to the necessity of having accurate balances for 
weighing cream in the test bottles Scales known as cream balance scales 
wth provisions for balancing the empty test bottles should be used These 
balances should be sensitive to 0 1 gram 
Testing skim milk, buttermilk, and whey Because these products 
contain &iicK small amounts oC fat, a specially consttucted test bottle is 
used This bottle has two necks one that is used for charging the bottle 
with the materials, and one that is a fine bore tube graduated m 1/100 
per cent for reading the fat In testing skim milk and buttermilk it is 
advisable to use 20 cc of acid added in 2 portions of 10 cc each When 
whey IS tested only 10 to 12 cc of acid should be used, as the solids content 
IS much lower than that of skim milk or buttermilk The test bottles should 
be placed in the centrifuge with the filling tube toward the center of the 
wheel In all other details the test is carried out in the same manner as for 
the testing of milk 

When buttermilk or whey contains more than 40 per cent of fat, a 9 
gram sample should be used When this is done, only one half as much 
acid IS used and the fat reading is doubled to give the correct percentage 

Modified Babcock test for buttermilk The Babcock test is not satis- 
factory for buttermilk, because the values arc much lower than the values 
secured b> ether extraction It is also difficult to obtain clear tests because 
die fat column is usually contaminated with a dark material By adding 
normal butyl alcohol and thoroughly mixing it with the buttermilk before 
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the acid is added, a clear test is secured that agrees very well wi^ the 
ether extraction method This is commonly knoivn as the butyl alcohol 
test In all probability the lecithm of the buttermilk as well as the milk fat 
IS reco\ered by this method This test, therefore, represents higher values 
than the actual butterfat in buttermilk 

Two cc of normal butyl alcohol is added to 9 cc of buttermilk, and to 
this 7 cc of sulphuric acid is added The reading of the fat column is 
doubled to secure the correct fat percentage 

Causes of poor test Unless the fat column is of a clear amber colon 
free from contamination of other material, and has \scll defined upper an 
lower surfaces, it cannot be reliable Frequently because of some fault m 
the technique the following defects are encountered 

1 The fat column is dark colored 

2 The fat column contains black particles of varying sizes 

3 White or grayish particles are dispersed throughout the fat 

4 The upper meniscus (in milk testing) is not well defined 
due to bubbles or other material 

The dark color of the fat column is due to a too vigorous action of the 
acid This may be caused by the use of too much acid, too strong acid, or 
by having the milk or acid or both too warm when mixing If 2 
vigorous action is noticed immediately after mixmg, the action may ^ 
checked by adding a few cc of warm water If the acid is too strong, the 
trouble is corrected by usmg less acid . 

The most common defect m Babcock te^ts is a fat column contanunatca 
with black particles The most common cause of this defect is improper 
mixing of the acid and the product tested When the acid firs' comes m 
contact with the milk it becomes curdled ^ext, the curd par icics v'l 
the fat they contain are charred on the surface and further action 
acid 13 inhibited or stopped unless the sample is vigorously shaken 
charred particles rise up into the fat column because of the fat thev wn 
tarn To avoid this defect, the mixture must be agitated thoroughly It ^ 
a good plan to contmue to agitate the sample for about a minute after 
visible particles appear to have been dissolved 

White or grayish particles found in the fat column indicate tl^t tw 
little, too cold, or too weak acid has been used, they may also 
insufficient agitation Adding water before the action is completed " 
produce the same results , 

The appearance of bubbles on the surface of the fat column to 
obliterate the meniscus is usually due to carbonates in the vsater ^ 
added \Nfficn such water contacts the acid, carbon dioxide 
off The remedy lies in treating the water with a few drops of acid 
addmg it to the test bottle 

The Minnesota Babcock Test ^ 

The Minnesota Babcock test is used for the fat dctcrminauon 
dairy products It makes use of the standard Babcock glasss^arc 
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differs from the Babcock test in the reagent and the procedure used The 
reagent is alkaline, consisting of sodium salicylate, potassium carbonate, 
potassium hydroxide, sodium ncinoleatc, an alcohol, and water The 
reagent is manufactured by Nafis*Kimbal Glassware Company of Chi- 
cago It IS put up m dry form and may be made up when it is to be used 
by the addition of the ivater and alcohol solvent This reagent is much safer 
to use than is sulphuric acid 

In conducting the test, the standard glassware is charged in the same 
manner as for the Babcock test Instead of acid, the Minnesota Babcock 
reagent is added — 20 cc to 18 gram samples of milk, skim milk, and 
buttermilk, and 10 cc to a 9 gram sample of cream The reagent and the 
sample are thoroughly mixed by shaking The samples are then heated 
m a hot water bath (about 180® F ) for five to ten mmutes, or until the fat 
appears separated out and the milk solids are completely dispersed They 
are then centrifuged for one or ttvo minutes, after which hot water is added 
to brmg the fat into the graduated scale of the bottle neck After the bottles 
are centrifuged again for one minute, they are placed m a hot water bath 
and read as for the Babcock test 

The Minnesota Babcock test reagent keeps the phospholipids is sus- 
pension For this reason in testing buttermilk considerably lower values 
wUI be observed than when the butyl alcohol test is used 

The Roese Gottlieb Method 

The Koese Gottlieb method of determining fat m milk and other dairy 
products IS generally considered the most accurate and, therefore, sets the 
standard by which other tests arc judged This method, which is embraced 
m the Mojonmer method, is used on all dairy products where great 
accuracy is dcsured It is not generally used because the equipment and 
reagents required are expensive, and also because a great deal of time 
and labor is involved m making the determination 

Details for making the determination will not be given here, a brief 
consideration of the basic principles of the test will suffice Samples of the 
product to be tested are accurately weighed on a chemical balance into 
appropnatc receptacles Ammoma is added to neutralize the acid that 
would otherwise be soluble in the ether Then alcohol is added to facilitate 
the mixing with ether Both ethyl ether and petroleum ether are used 
After a thorough shaking, the supernatant ether is decanted off from the 
aqueous portion into an evaporating dish that has been carefully weighed 
on an analytical balance Two more ether extractions are made and added 
to the evaporating dish, which is now heated to evaporate off the ether, 
alcohol, and water The last part of the evaporation is done in vacuum at 
100 C The dish is then weighed on an analyucal balance Any increase 
m eight IS due to the extracted fat 

DETERMINATION OF TOTAL SOLIDS 
The determination of total solids of milk and milk products is frequently 
desired In some markets a minimum total solids content is set for milk to 



566 


DAIRY SCIENCE, SECOND EDITION 



be sold. The total solids of milk 
should be known for ice cream mak- 
ing, for the production of condensed 
and evaporated milks, and for other 
purposes. There are two ways of de- 
termining the total solids of milk. 
One is calculated from the lacto- 
meter reading and the fat percent- 
age; the other is determined by the 
actual drying of a sample of milk. ^ 
By the lactometer. As has previ- 
ously been stated, the total solids of 
milk may be approximately esti- 
mated from the lactometer reading 
and the fat percentage. The formula 
is: 

h + 1.2F 

4 

L is the reading of the Quevennc lac- 
tometer, and F represents the fat per- 


Fig. 124. A lactometer and cyl- cenlage. (Fig. 124.) 

inder. By the Majonnier method. 

Majonnicr tester, also used to de- 
termine the fat by the Roese-Gottheb method, is used extensively in de- 
termining the tot^ solids or dry matter of all dairy products. The Majo®’ 
nier method of determining total solids in milk is essentially the official 
method. 


By this method 2 or 3 grams of milk are accurately weighed by ® 
analytical balance in a tare, a flat bottomed metal dish. The moisture w 
driven off on a hot plate under vacuum. After proper cooling, the d 
with Its dried contents is again weighed. From the weight of the 
used and the dry matter found the per cent of total solids can readil> 
calculated. 


DETERMINATION OF CASEIN 

Determination of the amount of casein in milk is of practical 
in cheese making and in the making of casein. There arc several m® 
by which casein may be determined. The oldest and probably 
commonly used method is that of Walker. In this test 9 cc. of milk ^ 
run into a white porcelain container and 1 cc. of phenolphthalcin ^^1^ 
is added. Now tenth-normal sodium hydroxide is added until ® 
color appears Next 2 cc. of a previously neutralized (to phcnolpbthalem; 
solution of 40 per cent formalin arc added, and the mixture is 
stirred with a glass rod. The sodium hydroxide solution is 
until the pink color appears. The number of cc. of sodium hydroxi c 
to neutralize the solution after the addition of the fonnalin is multip 
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by 1 47 to give the percentage of casern m the milk This test cannot be 
used on milks containing preservatives 

DETERMINATION OF QUALITY 

Determining the acidity of Tnillc Determination of acidity is essential 
in nearly all processes in the dairy industry The amount of acid in milk, 
cream, or other product constitutes a measure of its freshness and con- 
dition A knowledge of the amount of acid present m milk is essential 
for cheese making The butter maker, too, must know the amount of acid 
in the cream used for churning 

There are two types of acidity in milk the apparent acidity, and the 
acidity due to lactic acid Fresh milk titrates from 0 1 to 0 2 per cent, or an 
average of 0 15 per cent lactic acid equivalent This titration is not due 
to lactic acid but to the phosphate and protein buffers present in the milk 
The acidity developing in milk after it is drawn is due to lactic acid formed 
from a breakdown of lactose by bacteria 

The basis for the acid test is that alkali will neutralize acid , 1 cc tenth- 
normal alkali will neutralize 1 cc tenth-normal acid As 1 cc tenth-nor- 
mal lactic acid contains 0 009 grams lactic acid, the per cent of acidity in 
terms of lactic acid can be calculated by the following formula when tenth- 
normal alkali IS used for titration 

cc N/10 alkali X 0009 » .t j 

— ; X 100 « Per cent lacuc acid 

Grams of sample 

In practice 17 6 cc or 18 grams of milk are most commonly used The 
milk is placed in a white porcelam cup with 1 cc of the phenolphthalein 
solution and titrated with N/10 sodium hydroxide solution to a faint pink 
When 18 grams arc used the number of cc of N/10 alkali solution required 
for the titration is divided by 2 to give the percentage of lactic acid equiva- 
lent If 9 grams of the sample arc used, the number of cc of alkali used 
represents the per cent acidity 

Sediment test. The amount of foreign material in. milk is usually a 
fair indication of how cleanly it has been produced and handled There 
are three general methods by which an estimate of the amount of sedi- 
ment m milk may be arrived at These arc settling by standing, filtration, 
and centrifuging By letting 4 ounces of milk stand in an ordinary vial 
for nvo hours a rough estimate may be made of the amount of sediment 
in the milk from the amount that has settled to the bottom The amount 
of sediment on the bottom of an ordinary milk bottle m milk that has 
stood for some lime is also a fair indication of the amount of dirt present 
in milk 

A better indication of sediment in milk is secured from filtering a sample 
through a filter pad A number of mechanical devices are on the market 
that facilitate forcing 1 pint of rmlk through a standard cotton filter disc 
When the disc is dried, the amount of sediment may be observed 
A third method is placing a sample of milk, usually 10 cc , in a pointed 
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graduated test tube and centrifuging m a high speed centnfuge The 
amount of sediment may then be determined from the thickness of the 
la>er collected at the bottom of the tube 

The brom-thymol-bluc test In recent years it has been established 
that mastitis milk usually turns alkaline in its reaction A test for alkalinity, 
while not infallible, is about as reliable a test for mastitis as is knoisn 
Colostrum milk and milk retamed in the udder for tsio or more days is also 
alkaline in reaction Brom -thymol-blue turns from a yellow m acid to a 
blue in alkalme solutions The point where it turns blue is about the point 
where alkalinity in milk indicates mastitis The test, to be of any value, 
must be run on fresh milk It is quite common practice to make the test 
m the barn when the sample is taken 
To 10 cc of milk in a test tube is added 1 cc of the brom-thymol blue 
solution Normal milk becomes a grayish yellow, while mastitis milk 
turns blue A sample of mdk known to be normal should be set up N'lth 
the brom thymol blue solution, to be used in comparison with the sample 
in question Cows should not be condemned upon one positive reaction of 
the milk to brom thyraol-blue Several samples should be taken and tests 
run, and for positive diagnosis of mastitis, other considerations, such as 
clmical sy mptoms, should be taken into account 

Alcohol test. Of the large number of tests used to determine quality 
in milk the alcohol test must be mentioned because of the simplicity of 
the test Equal parts of milk and 72 per cent neutral alcohol are mixed in 
a test tube and inverted If the milk is of high quality the walls of the 
test tube will be clean and free from curd particles If the milk has high 
acidity (0 21 per cent or more), is from diseased udders, is colostrum, 
or IS high in coagulating enzymes, the walls of the test tube \vill present 
small white particles of curd 

Methylene-blue reduction test. Because methylene blue loses oxygen 
to oxygen consuming enzymes to form a colorless compound, this dy® 
becomes a valuable one in determining the bacterial activity m mdk or 
cream The process of removing oxygen from a compound is known as 
reduction, hence this test is also known as the reduction or reductase test 

A stock solution of methylene blue is made up by dissolving 1 gram o 
the cyrstalhnc dye m 2,000 cc of water Immediately before use, this u 
diluted in the proportion of 1 cc tolOcc of water Onccc of the dJutca 
solution IS added to 10 cc of milk or cream in a test tube and j 

inverting The tubes arc set in an incubator at 37 6° C and examined at 
certain intervals for color change The rapidity with which the blue 
disappears has been found to correlate with the bacterial activity of i ® 


Numlict o( D«ctcn4 per cc. 

Cher 20 000 000 
4 000 000 lo 20 000 000 
500 000 to 4 000 000 
Leu thui 500 000 
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milk The relationship between the time at which the color disappears, 
the quality of tiie milk, and the number of bacteria is shown a^ove 
Other tests. Other tests for quality of milk include fermentation tests, 
the catalase test, and others 

TESTS FOR HEATED MILK 

In milk control ^vork, it is very desirable to have tests that will tell 
whether milk has been pasteurized There are three common tests, all 
based upon enzyme activity, that are employed for this purpose These 
are Schardinger’s test, the Slorch lest, and the Arnold test 

Schardmger’s test employs a reagent known as Schardinger’s reagent 
This reagent consists of 5 cc of saturated solution of methylene blue, 5 cc 
of formalin, and 190 cc of water The test is performed by adding I cc of 
Schardinger’s reagent to 20 cc of milk and warming it to 113 to 122° F 
The time required to lose the blue color indicates the degree to which the 
milk has been heated The reduction in color is due to the enzyme, re- 
ductase, which IS destroyed at temperatures above 100° F 

The Starch test employs the oxidizable dye, para-phenylene-diamine, 
m a 2 per cent solution To 5 cc of milk in a test tube is added 1 drop of a 
0 25 per cent solution of hydrogen peroxide and 2 drops of the para- 
phenylene-diamine solution Unheated roilL or milk heated less than 
172° F produces an intense blue color 
The Arnold test employs a 5 to 10 per cent quaiac solution m acetone 
When a few drops of this solution are added to normal milk or milk heated 
to less than 176° F , a blue color appears in a few minutes If heated above 
176° F no color will appear 

No absolutely reliable test for heating at ordinary pasteurization tem- 
peratures has as yet been developed 

Phosphatase test. The recently introduced test of Kay and Graham,^ 
known as the phosphatase test, promises to be the most reliable for de- 
termining whether milk has been pasteurized The test is based upon a 
measure of phosphatase activity m the milk and is therefore a test for 
pasteurization, as pasteurizing temperatures inhibit phosphatase activity 
in proportion to height of the temperature and the time subject to the heat 
The test is rather complex, requiring special reagents which, together 
with instructions and equipment, may be secured from technical supply 
houses Health officers in different cities arc working out techniques of 
the test for their conditions For this reason there are many modifications 
of the original test, and several years will be required before the test will 
become adequately standardized 
^ Kav AhD Grauau Jour Dairy Research 6 191 1935 
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THE MORE COMMON DAIRY 
PROCESSES 


The PROCESSING of milk commences uimediately after it is produced 
on the farm The types of processing that milk and its products pass 
through depends upon the type of product to be manufactured It is not 
possible here to treat in detail all of the dairy processes, but only to con- 
sider the more common ones The processes used on the farm tvill naturally 
be dealt with more fully than those emplo>ed in plants after the nulk 
leaves the farm Every student of dairying, houcver, should be somewhat 
familiar with the fundamental principles involved in the more common 
processing of milk In subsequent chapters the basic principles involved 
in the manufacture of various dairy products will be considered In this 
and in the next chapter will be considered the farm processes of straining, 
separation, and cooling, and the transport, clarification, filtration, 
pasteurization, cooling, and emulsification of milk after it leaves the farm 

STRAINING MILK 

Straining milk is probably one of the oldest of dairy processes It u 
effected on the farm by passing milk through a variety of materials to re 
move the coarser particles contained therein The strainer may be a fine 
wire gauge, of cheesecloth or other cloths, cotton batting, or special 
strainer pads Cotton batting or special strainer pads are the most efficient 
strainer materials 

None of the materials used for strainers will remove all the foreign 
material in milk as the finer particles will pass through Straining may 
reduce bactenal content of milk by removing particles laden with bacteria 
before they become dispersed throughout the milk In case c hccsecloih 
or other cloth is used and reused after washing, the strainer may be an 
important source of bacteria! contamination It is preferable to use 
cotmn batting and filter pads that may be thrown away after the> ^ 
vSTicn cloths are used as strainers, they should be thoroughly wasl^ 
an stcnhzcd by boiling immediately after each time thev are usc« 

SEPARATION 

About one half of all milk produced is separated on the farm or near b> 
plants \Vhile cream may be separated from the skim milk b) nat 
rising and hand skimming, most milk is now separated by the roccham 
cream separator 

Gravity creaming The phenomenon of fat rising b> natural 
tion has been discussed prcviousl> In practice this phenomenon has 
570 
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Fig 125 A cross section of a separator bowl showing the 
construction and paths of the incoming milk and the outgoing 
cream and skim milk The milk enters the bowl at (1)/ pas-e* 
down the tubular shaft and comes out of the slots at (2) The 
lighter cream passes toward the center (3), and the skim milk 
(4) passes toward the outside 


this machine was not manufactured for practical use, Prandtl is 
generally credited with the invention of the first cream separator 
Principle of separation Cream is rapidly removed from ® 
mechanical separation because the difierence between the specific ^is 
of the fat and skim milk has been greatly increased One cc of fat " ^ 
approximately 0 9 grams, and the same quantity of skim 
1 036 grams, there is, then, a difference of 0 136 grams This dine 
IS sufficient to cause most of the fat to rise to the top if it is given 
In the mechanical separator the centrifugal force created 
gravity by about 1,000 times The relati\c difference, therefore, 
the fat and skim milk in the specdmg separator bowl becomes 13 * 
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Fig. 126. The parts and principol mechanical features of a cream separator. 


of 0 136, as when standing, and the fat separates almost instantly from the 
skim milk toward the center of the bowl. 

Mechanical construction. While there are many different makes of 
separators on the market and each one differs from the other in some re- 
spect, all are constructed upon the some basic principle. This basic prin- 
ciple is some device for removing the material from the outer portion of 
the bowl, which is the skim milk, separately from the material toward 
the center of the bowl, which is the cream. 

The bov\l in the early separators was hollow. Later it was found that 
separating the milk into thin sheets within the bowl facilitated separation. 
Two general types of devices inside the bowl were used: one commonly 
known as the disc, and another known as the link blade. The disc type, 
which entirely dominates the separator types today, consists of a scries 
of discs kept slightly apart and stacked upon one another to fill the bow 1. 
A cross section of a representative bowl is shown in Figure 125. Tlic cs- 
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sential mechanical features of the bowl in addition to the discs arc given 
below 


1 The shape of the discs — inverted cup shape 

2 Facilities for the milk inlet through the center of the bowl down to- 
ward the bottom 

3 A space between the bowl wall and the discs for the skim milk to pass 
upward and out through the skim milk spout, also room for the 

' collection of the separator slime 

4/Facilities fVsfl^ cream to pass upward in the center of the bowl to 
'N^xitvjhrou^fh the cream screw 

tSO^i^cr disc (the top disc) which separates the skim milk from the 
f {wwmalthough the outlets for both are close together 

/Tm rapid separation of the cream from the milk is effected in the out- 
bowl, where the pressure is the greatest Both skim milk and 
^ream are let out close to the center of the bowl at lower pressure, this is 
’ Hradc possible by the divider disc, which keeps the skim milk on the out- 
sit and the cream on the inside 

The other parts of the separator consist of the machinery required for 
getting the necessary speed for the bowl, a supply tank for the milk to 
be separated, and the mechanical equipment needed to carry the skiin 
milk and cream away from the bowl These are illustrated in Figure 126 
for a typical modern separator 

Capacities of separators Separators are made in a great range of siz« 
Farm separators may be secured with capacities from 100 to 1,000 
of milk per hour For factories separators ranging from 1,500 to 12,000 
pounds capacity per hour may be obtained As a rule the factory separator 
differs from the farm separator only in size There is, however, a factory 
separator in which the milk enters from the bottom of the bowl by being 
forced there through airtight tubing In this type the cream comes out o 
the bowl at the top and in the center The rate with which the cream 
comes out is regulated by the pressure applied to the milk entering t e 
bowl 


The cream screw. Each machine has a device for regulating the nc 
ness of the cream This is done by changing the proportions of mate 
coming out of the cream and skim milk openings, cither by changing ® 
pressure on either of the two or by changing the size of the opening ® 
most machines the richness of the cream is regulated by means o 
“cream screw” and m a few by a “skim milk screw ” When the ere 
screw is turned in closer to the center of the bowl, the pressure is ® 
creased and less flows through, makmg a richer cream Closing the s 
of the opening has the same effect, while enlarging the opening or 
the cream screw out lowers the nchn^s of the cream by increasing 
amount ^ 

In machines having “skim milk screws” the richness of the 
affected in the opposite manner Turning the skim milk screw out 
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creases the amount of skim milk and lessens the amount of cream, and 
hence richer cream results, and turning it inward reduces the amount of 
skim milk and mcreases the amount of cream 

Other factors influencing richness of cream. Without changing the 
cream or skim milk screws, the fat content of machine separated cream 
varies from time to time for a number of reasons The chief factors in- 
fluencing the richness of cream are as follows 

1 Speed of the machine 

2 Richness of the roilk separated 

3 Rate of inflow 

4 Temperature of the milk 

5 Dirt in the bovvl 

6 The amount of water or skim milk 
used m flushing the bowl 

Speed oj machine As the speed of the separator is increased, the fat 
content of the cream produced is increased The effect of increased speed 
vanes with different machines and the richness of the cream With the 
cream scre%vs set to skim 40 to 50 per cent cream at normal speeds, when 
the speed is reduced to one-half, the fat content of the cream is reduced 
by onc-third to one half Lower testing creams are not affected nearly so 
much, a 20 per cent cream at normal speed is seldom reduced to below 
17 per cent at half speed 

The reasons for these differences become clear when one considers the 
fundamentals of the physical forces involved in mechanical separation 
The cream outlet is nearer the center of the bowl than the skim rmlk 
outlet, and comequently is less subjected to the centrifugal forces With 
increasing speed the greater pressure forces out more skim rmlk, leaving 
less for the cream outlet When the cream screw is set for lower testing 
cream, it oper^ up farther from the center of the bowl and nearer the 
skim milk outlet and, consequently, is affected more nearly the same as 
the skim milk outlet by changes m speed 

Richness of milk With any increase m the fat content of the milk, the 
fat content of the separated cream will also increase The increased fat 
content of the cream is a little more than a proportionate increase in the 
fat content of the milk. Cream from a 6 per cent milk is a little more 
than twice as high m fat content as cream from a 3 per cent milk The 
separator is set so that a certain proportion of the intake will come out of 
the cream and skun milk openings respectively, when the inflow and 
other factors are constant ^Vhen the fat content of the milk is increased 
the cream becomes richer and more viscous, thus offering more resistance 
to flow, and as a result less cream is produced, and there is a correspond- 
ing increase m fat percentage 

Different separators vary in the effect of richness of milk upon the 
richness of cream If a 3 per cent milk produces 20 per cent cream, a 6 
per cent milk can be expected to produce about 42 per cent cream 
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losses of fat in the skim milk arc cxpenenced The chief factors respon- 
sible for inefficiency are as follows 

1 Poor mechanical condition 4 Overfeeding 

of the separator 5 Production of too rich cream 

2 Too low speed of the bowl 6 Dirty bowl 

3 Too cold milk 

Poor mechanical condition Poor mechamcal condition of the separator 
may cause inefficiency of separation for a number of reasons The discs 
may be so worn as to cause setdmg in the bowl, resulting in too great 
space between the divider and the next disc The divider disc may be so 
worn that it causes a leak, and the cream and skim milk are remixed The 
separator may be so worn m general as to produce vibrations which cause 
the incoming milk to mix with the separated cream 

Too low speed of bowl Too low speed of the bowl, obviously, will not 
produce enough force to separate the cream from the skim milk, resulting 
m incomplete skimming This is probably one of the chief reasons for 
poor skimming of many separators 

Too low Umperalure of milk When the temperature of the milk drops 
below 90* F , fat losses m the skim milk begm There are two reasons for 
mcreased losses of fat ivith lowered temperatures Cold milk serum is more 
VISCOUS than warm serum and, therefore, offers greater resistance to the 
imgration of the fat particles A second important factor is the fact that 
the specific gravity of milk fat increases with lowered ♦emperatures to 
lower the difference between the weight of the fat and the milk serum 
In very cold milk with some machines a third factor is present The cold 
fat may partially or completely clog the cream outlet to force cream 
through the skim milk outlet 

Overfeeding If milk is forced through the bowl too rapidly, it is sub- 
jected to the ccntrilugal force lor too short a period to cause complete 
separation of the fat from the skun milk Some of the fat particles then 
pass with the skim milk over the dmder disc 

Too rich cream When the cream screw is turned in to produce too 
rich cream (60 per cent or above) there is not enough volume going out 
through the cream opening to accommodate all the fat Some of the 
cream then backs up outside of the discs to go out with the skim milk 
When, exceedingly high fat content cream is desired, it is necessary to 
slow up the milk mfloiv to give more time for the centrifugal force to 
pack the fat in the cream This is accomplished by the attachments for 
separators that will produce cream containing up to 80 per cent fat wth 
efficient skimming 

Dtrij) bowl If dirt lodges in the cream opemng, the cream outlet may 
be insufficient to accommodate all the fat in the milk, and losses of fat in 
the skim niilk will be experienced Sluae may accumulate on the walls of 
the bowl to such an extent that the passage for skim milk is completely 
blocked Clogging of the howl in this manner docs not cause mcreased 
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loL fat content, due to the fact that at high content of cream 
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the skim milk opening will reduce the amount of skim milk ana 
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losses of fat in the skim milk arc experienced The chief factors respon- 
sible for inefficiency are as follows 

1 Poor mechanical condition 4 Overfeeding 

of the separator 5 Production of too nch cream 

2 Too low speed of the bowl 6 Dirty bowl 

3 Too cold milk 

Poor mechanical condition Poor mechamcal condition of the separator 
may cause inefficiency of separation for a number of reasons The discs 
may be so worn as to cause settling m the bowl, rcsultmg in too great 
space betixeen the dmder and the next disc The divider disc may be so 
worn that it causes a leak, and the cream and skim milk arc remixed The 
separator may be so worn in general as to produce vibrations which cause 
the incoming milk to mix with the separated cream 

Too low speed of bowl Too low speed of ihe bowl, obviously, will not 
produce enough force to separate the cream from the skim milk, resulting 
in incomplete skimming This is probably one of the chief reasons for 
poor skimming of many separators 

Too low temperature of milk When the temperature of the milk drops 
below 90® F , fat losses in the skun xmlk begin There arc two reasons for 
increased losses of fat with lowered temperatures Cold milk serum is more 
viscous than warm scrum and, therefore, offers greater resistance to the 
migration of the fat particles A second important factor is the fact that 
the specific gravity of milk fat increases with lowered ♦emperatures to 
lower the difference between the weight of the fat and the milk serum 
Id very cold milk with some machines a third factor is present The cold 
fat may partially or completely clog the cream outlet to force cream 
through the skim milk outlet 

Overfeeding If milk is forced through the boivl too rapidly, it is sub- 
jected to the centrifugal force for too short a period to cause complete 
cS Sax fcom live, SoTsve cS live Sax pasxveics liven 

pass with the skim milk over the divider disc 

Too rich cream When the cream screw is turned in to produce too 
nch cream (60 per cent or above) there is not enough volume going out 
through the cream opemng to accommodate all the fat Some of the 
cream then backs up outside of the discs to go out with the skim 
When exceedmgly high fat content cream is desired, it is necessary to 
slow up the milk inflow to give more time for the centrifugal force to 
pack the fat m the cream This is accomplished by the attachments for 
separators that will produce cream contaimng up to 80 per cent fat with 
efficient skimming 

Dirty bowl If dirt lodges in the cream opemng, the cream outlet may 
be insufficient to accommodate all the fat in the milk, and losses of fat m 
the skim milk will be experienced Slime may accumulate on the walls of 
the bowl to such an extent that the passage for skim milk is completely 
blocked Clogging of the bowl in this manner does not cause increased 
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losses of fat in the skim milk are expenenced The chief factors respon- 
sible for inefficiency arc as follows 

1 Poor mechanical condition 4 Overfeeding 

of the separator 5 Production of too rich cream 

2 Too low speed of the Ixiwl 6 Dirty bowl 

3 Too cold milk 

Poor mechanical condition Poor mechamcal condition of the separator 
may cause inefficiency of separation for a number of reasons The discs 
may be so worn as to cause settling in the bowl, resulting m too great 
space betiseen the divider and the next disc The divider disc may be so 
worn that it causes a leak, and the cream and skim milk arc remixed The 
separator may be so w orn m general as to produce vibrations which cause 
the incoming mdk to mix vviih the separated cream 

Too low speed of bowl Too low speed of the bowl, obviously, will not 
produce enough force to separate the cream from the skim milk, resulting 
m mcomplete skimming This is probably one of the chief reasons for 
poor skimming of many separators 

Too low temperature of milk ^Vhen the temperature of the milk drops 
below 90® F , fat losses in the skim milk begin There arc two reasons for 
increased losses of fat with lowered temperatures Cold milk serum is more 
viscous than warm serum and, therefore, offers greater resistance to the 
migration of the fat parades A second important factor is the fact that 
the specific gravity of milk fat increases with lowered 'cmperalures to 
lower the difference between the weight of the fat and the milk serum 
la very cold milk with some machines a third factor is present The cold 
fat may partially or completely clog the cream outlet to force cream 
through the skim milk outlet 

Overfeeding If milk is forced through the bo^vl too rapidly, it is sub 
jected to the centrifugal force for too short a period to cause complete 
separation of the fat from the skim milk Some of the fat particles then 
pass with the skim milk over the divider disc 

Too rich cream \Vhcn the cream screw is turned in to produce too 
nch cream (60 per cent or above) there is not enough volume gomg out 
through the cream opening to accommodate all the fat Some of the 
cream then backs up outside of the discs to go out with the skim milk 
When exceedingly high fat content cream is desired, it is necessary to 
slow up the milk inflow to give more time for the centrifugal force to 
pack the fat in the cream This is accomplished by the attachments for 
separators that will produce cream containing up to 80 per cent fat with 
efficient skimimng 

Dirty bowl If dirt lodges in the cream opening, the cream outlet may 
be insufficient to accommodate all the fat in the milk^ and losses of fat in 
the skim milk will be experienced Slune may accumulate on the walls of 
the bowl to such an extent that the passage for skim milk is completely 
blocked Qogging of the bowl m this manner docs not cause increased 
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losses of fat m the skim milk but mcrcises the amount “f 
*e cream outlet, and no skim imlk ts produced In this condition the 

separator functions much lik.c a clarifier i„ecA« m 

Sour milk causes rapid clogsmg of ihc as %scll 
fat Tiny particles of curd enclosing fat particles ssill pass ou 

'''‘Effects of mechanical separatton The most obvious '{Tect of sul^Kt- 

mg milk to strong centrifugal force is the scparalion 

mflk semm or skim milk Because of eenlnfugal and other “ 

Other constituents m milk arc forced out of (he skim milk to pass c 

the cream or into the residue, known as separator slime, in the sep 


Into the cream pass those materials having a lower specific ^ V 
than the milk scrum plus certain other substances which arc absorPC 
the fat particles Dirt particles of low specific gravity and some ^ 
organisms will pass into the cream because of low specific gravi y 
phospholipids, howcNcr, although not of low specific gravity, 
concentrated in the cream than in the skim milk, these compoun 
adsorbed around the fat globules, whose low specific gravity uo> 
heavier materials into the cream rent 

Separator slime analyzes from 65 to75 per cent water, 18to2>pc 

protein, 2 5 to 3 5 per cent ash, and usually less than 3 per cent ® , 

consists mostly of leucocytes, bus of coagulated protein, dirt ^ 

bacteria, and is also rich m enzymes The fat present m separator s i 
enclosed or adsorbed to heavy material which centrifugal force 
the outside of the bowl The leucocytes usually contain much fat 
tor shme also contains appreciable quantities of phospholipids an . 
bacteria than is found in either the cream or the skim milk 
some bacteria and mold and yeast spores are centrifuged out of t e 
Others that are found in the separator shme adhere to heavier par 
and are thrown out with them . 

Both the skim milk and the cream may show a larger bacten 
(colonies when grown on appropriate media) than the whole mi 
which It is produced This is accounted for by the forces m 
breaking up the clumps of bacteria in the milk and thus ^.g^se 

number of colonies that grow on the cultures There is no actua m 
in the number of bacteria as the result of separation 


COOLING MILK OR CREAM 
In the production of milk or cream there is no more 
than that of prompt and adequate cooling The rate with whic ^ 
multiply is dependent upon the temperature of the milk 
data in the following table, taken from New York Circular > P 

the great increase in growth with mcreased temperatures For 
increase in temperature from 40 to 55" F there is, roughly, a 
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of the number of bacteria developed over a period of 12 hours From 55“ 
F up there is a rapid increase in the rate of multiplication Milk kept at 
a temperature of 60“ F develops bacteria approximately 12 times as fast 
as milk kept at 55“ F At 80“ F bacteria develop more than 1,450 times 
as fast as at 55“ F 


The Relatiov Between Temperature axt> Bacteriai. 
Developmekt op Mile Dcwxg 12 Hours 


Teiopentuc« 

Bacten& per c& 

De^ees F 

Mter IZ Lours 

40 

4,000 

45 

9,000 

50 

18,000 

53 

38,000 

453,000 

CO 

70 

8 800,000 

SO 

5j>,300,000 


To avoid rapid bacterial growth and resulting deterioration of milk or 
cream, these products should be promptly cooled to 50“ F or lower and 
kept at that temperature Miik or cream may be cooled by runmog it over 
surfaces cooled by running water or bnnc, by setting it m cold water, by 
immersing it into the milk cods in which cold water or bnne circulates, 
or by placing it m a chamber or cabmet where the air is cooled 
Surface coolers. The surface coolers are the roost efficient from a 
standpomt of rapidity of cooling, provided the cooling medium is cold The 
milk may be brought to svithin 5“ F of the temperature of the cooling 
medium m a few seconds Where artificially cooled water or brine is 
used the coolers may be divided into two sections In the upper section is 
Circulated natural water to partially cool the milk, while the cold brine or 
water is circulated through the lov>er section to complete the coolmg 
process The surface coolers also help drive off certain odors Unless these 
coolers are carefully cleaned and sterilized they may be a source of bac- 
terial contamination of the milk (Fig 127 ) 

Coolmg tanks. Milk and cream are most commonly cooled m cans 
placed in tanks of cold water which may be cooled by ice or artificial 
refrigeration The most economical coolmg is done 'where water of 50“ F 
or below can flow contmuously through the cooling tank Many have 
arranged for the well water or sprmg water to pass through the cooling 
tank before running into the watenng tank for the stock 
Milk or cream is not cooled so rapidly by this method as by the surface 
coolers, but if cold water is passed through the coolmg tank, this method 
IS satisfactory , provided the milk or cream is placed in the tank immedi- 
ately after being produced A number of mcchamcal devices have been 
developed to stir the roilk or cream while coolmg These devices speed up 
the cooling process, as milk that is stirred cools more rapidly than milk 
that is not stirred In expenments at the New York Station when milk 
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Fig 127 A surface milk cooler The milk flows m thin sheets over 
the surface, and cold wafer or brine eirculotes inside the tubes 


m cans was set in ice water, at the end of one hour the following tcrnpx ^ 
turcs were observed when not stirred, 61 2“ F , \vhen ^stirred 
minutes, 52 6° F , when stirred every 10 minutes, 53 5® F , and 
stirred continuously, 45 3® F In addition to the fact that there 
involved ivith the use of stimng devices, they meet with objection on 
ground that they are a source of bacterial contamination 
Immersion into the can of cooling coils through which 
bnne circulates is but little more efficient in cooling than merely ^ 
the cans in a tank of comparably cold water Furthermore, these ® . 

meet with the objection that when they are used the containers canno 
completely filled, and that they are a source of contamination ^ 

Coolmg in cold air chambers is increasing in popularity Air ^ ^ 
efficient as water in cooling unless it is rapidly circulated, co 
chambers, particularly the ‘ walk in type, are more convenient 

CLARIFICATION AND FILTRATION OF MILK 
In order to remove more of the dirt from milk than can be 
strainers one of two processes — clarification or filtration is resor e 
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Fig. 128. Cross section of a clarifying bow) showing the passoge of the milk 
down through the tube at A, its course through the bowl (B, C, D, and E), 
and finally its exit at F, The impurities are collected in the large space at D. 


milk plants. Clarification consists of passing milk through a centrifuge, 
known as a clarifier, that resembles a cream separator. It differs from the 
separator in that there is but one exit, where the cream and milk are 
thoroughly mixed. The bowl of the clarifier also has a greater capacity for 
holding dirt than has the bowl of the separator. In clarification the mate- 
rial with a higher specific gravity than the milk serum is thrown out and 
collected in the clarifier bowl. (Fig. 128.) This material is like separator 
slime in all respects. Clarified milk docs not keep any better than non- 
clarified milk. While many bacteria are removed in the slime, other 
colonies are broken up so as not to reduce the bacterial count by the 
culture method. 

Many milk plants use filters instead of clarifiers to remove the visible 
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not removed by the milk filter 


PASTEURIZATION 

Definition Pasteurization refers to treating 


milk with heat m such a 


way as to destroy nearly all the bacteria and all of the 
The term is derived from the name of Lotus Pasteur, vv _„,i,tics 
heating wine to 140” F (60“ C ) greatly improved its 
through destroying most of the bacteria Milk "'“V time that 
methods-holding or flash The temperature at which and the t h 
milk must be held to qualify as being pasteurized is specified by law an 

bv milk ordinances ^ r 

HoHisg /,r«r«r According to the Umted States department of ^ 
culture, milk, to be pasteurized by the holding process, must ^e he d ^ 
145” F (62 8” C) for 30 minutes The United Stales Public . 

Service accepts milk as being pasteurized when held at 142 i 1“ * . 

for 30 minutes As the lower temperature has less eflect opon t 
acteristics of the milk it is customary to pasteurize milk at 142 to i ^ 
Some states and municipaUties, however, require pasteurization at 
Following heating, the product must be cooled rapidly ^ , 

Flash process Heating milk at 165 to 180* F (73 9 to 82 2 C) for out 
a few seconds followed by rapid cooling has essentially the same ene 
holding at 142 to 145* F has, and is known as the flash 
method has not been used extensively because of lack of 
is sufficiently reliable More recently developed flash pastcuri 
proving satisfactory In the past there have been three main o j 

flash system Public health officials have not been loo well convi 
Its reliability, frequently the cream line of the milk pasteurize 
method is lowered, and sometimes a cooked flavor is imparte 


milk and cream 


Holding process equipment. For the holding . stating 

pasteurized m different types of equipment in vats equipped wit 
coils, in glass lined tanks, in spray vats, and in the bottle nsists of 

Coil vats are the most common type of pasteurizer This pe co 
a well insulated rectangular tank m which a revolving ^^^j^vatcr 

the heat to the milk The coil serves three purposes it carries t e ^ 

which heats the milk, it agitates the milk, and when the ho mg 
up It serves to cool the milk when cold water is passed throug 
(Fig 129 ) 1 pd to tb® 

Glass-lined tanks differ from coil vats in that the heat is app i ^utcr 
wall of the tank from hot water or steam which is held there y^ ^oolmg 
jacket An agitator keeps the milk stirred during the heating 

processes Cooling is effected by replacing the hot water m t ej 
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?ig 129 A coil vat pasteurizer showing the coils ihrougb 
which the hot water is passed to heat the milk Following 
pasteurization cold water may be passed through the coils 
to cool the milk 

cold svater This type gets its name from the fact that it is constructed of 
steel and lined %Mth glass 

Sj/ray vats are long, deep vats equipped with an apparatus m the outer 
jacket for spraying water against the inside walls Tlic milk or cream in 
the vat is agitated slowly by paddles that sway back and forth Cooling is 
effected by spraying cold water against the sides of the inner vat (Fig 
130) 

In the hotile pasieunzolwn Milk or cream may be pasteurized in the 
bottle by two methods The bottles may be placed in a chamber where 
the temperature may be brought up to the required height for the proper 
length of lime, or special bottles using metal caps may be immersed m a 
water bath of the right tempieraiurc for the required length of time In 
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Fig. 130. Cross section of a “spray type” pasteurizer. 

Note the inlet ot A of hot woter which flows down the 
lining, and also the paddle which causes rapid flow 
of the milk against the heated sides of the pasteurizer. 

either case cooling is done by gradually changing the temperature of th 
environment. shoas- 

Flash pasteurization equipment. There arc several types of 
teurizers using steam, hot water, or electrically heated plates for ® 
Regardless of the mechanical device for heating, the principle invo 
that of getting the milk in a thin film against the heated sur or 

may be accomplished byytwo tubes, one inside the other; 
steam is passed throughthe inner tube, and the milk is passed jjeated 
outer and inner tube. Two drums, one within the other, and bo ^ j^^gjgd 
with steam or hot wata, from another type in which the mu ^ 
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by passing in a thin film between the two drums One of the most efficient 
machines of this type is known as the plate type pasteurizer This consists 
of a senes of plates held together in a press and so constructed as to form 
two separate continuous passages When operating, hot water is passed in 
one direction and milk m the other 

Cooling fash pasteurized milk On account of the high temperatures used 
in flash pasteurization, a rapid cooling system must be used or cooked 
flavors and poor cream lines will be experienced The milk should, there- 
fore, pass directly from the pasteurizer to a cooler, preferably the tubular 
type where two tubes, one inside the other, are used The milk is passed 
through the inner tube and the cooling medium is the space betiveen the 
two The plate type of flash pasteurizer is also most efficient cooler when 
cold water is used in place of hot water 

Effect of pasteurization on milk When milk is properly pasteurized, 
about 98 to 99 per cent of all bacteria are destroyed Experiments have 
shown that pathogenic organisms such as those producing typhoid fever, 
tuberculosis, diphtheria, etc , arc all destroyed in properly pasteurized 
milk Yeasts and molds are also mostly destroyed Some heat resistant 
organisms that are not known to be harmful are not destroyed 

Some of the enzymes are completely or partially destroyed by pasteuri- 
zation This fact forms the basis for the only fairly reliable test for pas- 
teurization As phosphocsterasc is destroyed by thorough pasteurization, 
a test for its presence is now regarded as ffie best test for pasteunzed milk 
Vitamin C is usually mostly destroyed by pasteurization, not so much 
from the temperature as from oxidation 
There are probably some minor effects of pasteurization upon some of 
the other consatuents of milk, but they are so slight that they are m- 
sigraficant, except for the effect upon the cream Ime When milk is 
pasteurized for 30 minutes at not over 143® F , and then is immediately 
cooled while vigorously agitated, there is no effect upon the cream line 
If, however, milk is not cooled immediately following pasteurization, or 
IS not vigorously agitated while still warm, or is heated at higher tempera- 
tures than 143® F , the cream hoe will be materially reduced 

HOMOGENIZATION 

Homogenization is the forcing of a product through a small opening 
under high pressure Special machines built for this are knoivn as ho- 
mogemzers Pressures of from 2,500 to 5,000 pounds per square inch are 
applied As a result the fat is broken up into small fragments and the 
physical properties of the milk or cream greatly changed Homogemzation 
is the most effective at pasteurization temperatures, ivhen about 80 per cent 
of the fat particles are less than 2 micra m diameter They are so small 
that they will not rise to the surface m milk Homogemzed cream iviil not 
churn because of the smallness of the fat particles 

The viscosity of the homogenized product is greatly increased This is 
usually believed to be due to a rearrangement of the protein adsorbed on 
the fat globule Good homogenization divides the fat globules 1,000 or 
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more umes and increases the surface area of the fat by 100 or more times 
There is, therefore, a greatly increased surface of the proteins adsorbed to 
the fat particles 

Homogenized milk or cream to be sold must be labeled as such Homo- 
genization IS also commonly used in reconstituting milk or cream frdm 
butter oil with skim milk or milk powders 

OTHER PROCESSES 

There are, m addition to those treated m this chapter, many other 
processes used The more important of these processes will be taken up 
in the following chapters, in the treatment of the various subdivisions of 
the dairy industry 



Chapter 50 


MARKET MILK 


Market milk is the terai applied to milk that is sold to the con- 
sumer in fluid form About 42 per cent of all milk produced in the United 
States IS consumed as fluid mdi Thirty per cent is sold as market milk in 
villages and cities, and 12 per cent is consumed on farms It has been 
estimated that the services of from 900,000 to 1,200,000 people are re- 
quired in the production, transportation, processing, and distribution of 
milk sold as market milk 

Milk IS highly perishable and an excellent medium for harboring a 
number of different disease producing organisms The production and 
processing of this product for fluid consumption has developed into a 
very highly specialized industry The general economic features of market 
milk production as well as the economics of consumption have been dis- 
cussed previously At this point the general technical features of market 
imlk will be considered For discussion the subject lends itself to division 
into the following subheads 

\ Kinds of market milk 4 Piocessmg and distribution 

2 Production on the farm 5 Health supervision 

3 Transportation 

Kinds of market milk. Market milk may be divided into two classes — 
pasteurized or raw Under both of these classes axe a number of types of 
milk depending upon the conditions under which it has been produced or 
some special features of the product 

Classified on the basis of the conditions under which market milk is 
produced, there are certified milk, grade A milk, and grade B milk These 
milks may be either raw or pasteurized In recent years a number of 
special milks have appeared upon the market Among the more widely 
Sold of these are special brands, such as high testing milks like “Golden 
Guernsey” and “Jersey Cream Line ” Other special milks are based upon 
low curd tension, high vitamm D content, and high vitamin A content 
Production of market milk on the farm. The location and adaptation 
of dairy farms for the production of market milk ha\e been discussed 
previously Here will be considered the special features required for the 
production of suitable market miJk on the farm Besides entailing all the 
features required for successful dairying, the production of market milk 
requires that special alteniion Ijc paid to keeping licalthy cows, and that 
suitable housing, the right kind of equipment, and sanitary methods be 
used (See score card, page 595 ) AU of these arc necessary for good dairy- 
ing of any kind, but are absolutely essential for market milk production 
5S7 
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■n«*ca\cd musiv or otherwise spoiled feeds as well as feeds 

po^onoii must not be fed co«s producing market milk 

special flavors and odors to milk, giving considerable concern to both 

producer and distributor of milk . r r „ iviniition 

The drinking water, likewise, should be clean and free from p 
Cows should not be permitted to drink from stagnant ponds or poo 

which polluted water drains . u . .n, .nhles be 

Hmimj Milk ordinances and score eards provide that the stab W 
constructed of materials ihat can easily be kept clean 
ings. and all appurtenances should he of such construction ‘hut ‘hey w. 
no, accumulate dirt and can easily be washed Stables -h;;*' ^ 
lighted, at least 4 square feet of glass per cow must be 3 ^ 

dows Ventilation of the dairy barn for market milk production is 
important item Not only must acceptable barns be provided 
lation facilities, but there must be evidence that the * 0 -,. 

The yards must be well drained and of such material as not to oc 

A smtable milk house must also be provided Different 
centers have different requirements for acceptable milk houses In ge ^ 
the milk house must be separate from the barn, if it is nob ^ jjic 

a well ventilated corridor with a self-closing door at each end be 
milk house and the barn The milk house should be of two compar 
(some markets require three), one where the milk is hand e 
other where the utensils arc cleaned \Vhcn a third room is requi 


houses the boiler and power equipment , 3 ^g 

Equipment In order to produce high quality milk it is cssenti 
the proper equipment In the barn the important equipmen 
equipment used for milking If cows are milked by hand, no 
small topped pails should be used Only a fraction of dirt * 
small topped pail that falls into the ordinary pail The nted, 

which milk comes m contact should be m perfect ugring 

cracked, or badly worn equipment has excellent places for 
bacteria ctrainet*, 

The milk house or room should be furnished with the room 

efficient coolers, separators, and cold storage facilities Tim y Two 

must have an ample supply of both hot and cold water an s p^jier 

compartment wash tanks are also needed — one for washing an 
for nnsmg Ample drying racks for milk cans, paib, and ^ovided to 
must also be provided It is desirable that a steam jet 
sterilize cans, pails, and other equipment 
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Sanitary methods While proper equipment is desirable and even essential 
to producing clean, ivholesome milk, the methods employed in the pro- 
duction of rmik are of far greater importance A person who observes all 
the rules of cleanliness iviJl produce cleaner milk m poorly constructed 
barns with poor equipment than will a person who is careless in ideal 
buildings with perfect equipment 

Clean milk production begins with clean and healthy milkers and care- 
takers No person who is afflicted wath any communicable disease should 
be permitted to handle milk While the wearing of white suits is not 
essential to clean milk production it adds much to the appearance and 
personal pride of the milkers 

The next step in clean milk production is clean cows This requires 
that the stables and yards be kept clean, and that an abundance of dean 
bedding be used when the cows are housed in the stable all day Dunng 
the day, when the cows are out except at milking time, the barn and stall 
floors should be washed down with a hose Before the cows are milked, 
their udders should be ashed and dried 

Milkmg should be done with dry hands Wet hand milking is the cause 
of the worst bacterial contamination of milk and must not be tolerated 
The hands should be washed after the mdkmg of each cotv 

Next in importance to the cleanliness in milking is the cleanliness of 
the utensils with which, milk comes in contact All pails, milking machine 
parts, cans, coolers, strainers, and any other parts or utensils with which 
milk comes in contact must be thoroughly cleaned and sterilized after each 
use Cleaning is facilitated by nosing the utensil with cold water immedi- 
ately after it is used Next it should be thoroughly scrubbed with warm to 
hot water to which is added a good washing powder, a good sliff-bnstled 
brush being used After the washing solution is rinsed off, the equipment 
should be subjected to sterilization cither by the chemical or heat treat- 
ment methods If chemicals are used, the directions furnished by the 
manufacturer should be followed explicitly If heat treatment is used, 
subjection to hvc steam is the most efficient Next is the subjection to 
boiling water Following the treatment the utensils should be inverted to 
dram and dry 

Milk should be removed from the barn to the milk room immediately 
after it is drawn to avoid absorption of barn odors In the milk room it 
should be strained and poured over a suitable cooler so that it will be 
cooled to below 50° F within 5 to 10 minutes after being drawn from the 
cow It should ihen be stored in a cold storage of cither water or the cold 
air types that will keep the temperature below 50° F 

CetUfied milk Milk produced under the conditions Sjxcificd above 
will grade A To produce certified milk much more ngid regulations must 
be followed Certified milk is produced under the most rigid supervision 
to conform with rcgulaiions laid down by the Medical Milk Commission, 
a part of the American Medical Association The object of certified milk is 
the attainment of the highest quality and purity in milk that is possible. 
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Fig 131 A modern milk tank truck unit used in transporting milk from the 
country receiving stations to the processing plant 

While most certified milk is sold raw it may be pasteurized to add stiU 
further to its safety 

Transportation of milk Market milk is transported varying distan » 
depending upon the location of the farm upon which it is produce 
many cases the producer delivers the milk to the processing plant, m ot 
cases the milk must be hauled great distances by truck or train 
^vhen the producer is located near the market, the milk is irequ 
picked up by commercial hauling trucks ^ 

For short distance hauling the milk is usually handled in 10 gallon c 
For long distance hauling it may also be handled in cans whether s p^^ 
by truck or by rail but an increasing amount of milk shipped or » 
distances is earned by specially constructed tanks These tanks are g 
lined, tinned, or made of stainless steel, and are thoroughly i^ti a 

Tank cars may have a capacity of 50,000 pounds of milk (Fig 

The problems in milk transportation are to get the milk to the 
as soon as possible after it is produced, and to avoid temperature 
in warm weather or freezing in cold weather The insulated 
or tank cars will carry milk for hundreds of miles without any appr 
vixicrcase in temperature Milk hauled by trucks must be protecte y 
propicr blanketing in cold weather and icing in warm weather 
Processing and distribution After milk is produced on the ar 
methods of getting u to the consumer vary In small towns near y 
milk IS distributed by the producer In larger towns and 
proportions of the milk arc distributed by the producer and arge 
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Fig 132 A milk receiving compartment showing dump tank, weigh 
can receiving tank and can washer 

distributing concerns As >et the greater part of the milk distnbuted by 
the producer is sold as raw milk, while the milk processed in large plants 
IS pasteurized before it is sold Marty dairymen distributing their own 
product also pasteurize their own milk, but the cost of the necessary 
pasteurizing equipment and operating costs are too high for small scale 
production 

Mtlk plant The modern milk plant consists of a receiving department, 
a room for filtering or clarifying, and pasteurization, bottling machines, 
cold storage rooms, and usu^Iy a control laboratory (Fig 132) 

The milk is usually received and weighed in a special room Here the 
Cans may be washed and returned to the trucker From this room it is 
pumped to storage tanks, from which it passes through a clarifier, or it 
may be filtered before being pumped into the pasteurizers The milk is 
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Fig 133 A corner of a modern milk plani showing pasteurizers (spray type)/ 
miik cooler, and bottling machine 


cither cooled in the pasteurizer or is passed over coolers, and then it g 
into the bottling machine (Fig 133) From the bottling machine ^ 
milk is taken to coolers where it is kept until loaded out on the 
Each modern plant is also equipped with large automatic bottl was 
machines where returned bottles are washed (Fig 134 ) 

Delivery to the consumer One of the most expensive operations ^ 
while procedure of marketing milk is that of delivery to the 2 

The cost for delivery varies greatly in the different localities, 
upon the size of the load earned and the wages paid the dnvers ^ 
wagons usually carry cream, buttermilk, and butter in addition to 
The load is usually determined in umts equivalent to one quart 
following are considered as one quart point 1 quart or 2 pints o 
pint cream, 1 quart buttermilk, or 1 pound butter ^ 

The loads per wagon vary from 240 quart points to as high ^ ^5 

even 550 quart points average per city Duplication of routes w 
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Fig. 134. A modern milk bottle washer. 


many as a dozen or more wagons pass on the same streets is responsible 
for louvered efficiency and increased cost in milk distribution. 

Standardiz/ition of milk. In nearly all large nnJk plants the milk is 
standardized to the fat content specified by law or ordinance, or othertvise 
agreed upon as the fat percentage for market milk. The milk is standard- 
ized by adding richer milk or cream if the milk is too low in fat content. 
If the milk is too high in fat, it is standardized by the addition of lower 
testing milk or skim milk. The amount to be added is readily determined 
by the Pearson square. By this method asquare or rectangle is constructed. 
In the center is placed the desired fat percentage, here assumed to be 4 0 
per cent. In the upper left-hand comer is placed the fat content of one milk 
and in the lower left-hand comer the fat content of the other milk to 
be mixed. TEie differences in the desired fat content and the fat content of 
the two milks to be mixed are placed in the opposite comers of the rec- 
tangle. These values represent the relative amounts of the two milks 
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either cooled in the pasteurizer or is passed over coolers, and then it 
into the bottling machine (Fig 133 ) From the bottling machine the 
milk IS taken to coolers where it is kept until loaded out on the wagoo 
Each modern plant is also equipped with large automatic bott’e washing 
machines where returned bottles arc washed (Fig 134 ) . 

Delivery lo the consumer One of the most expensive operations m 
while procedure of marketing milk is that of delivery to the consumer 
The cost for delivery varies greatly in the different localities, 
upon the size of the load carried and the wages paid the drivers 
wagons usually carry cream, buttermilk, and butter in addition to 
The load is usually determined in units equivalent to one quart 
following are considered as one quart point 1 quart or 2 pints of 
3^ pint cream, 1 quart buttermilk, or 1 pound butter _ ^ 

The loads per wagon vary from 240 quart points to as high as ^ 
even 550 quart points average per city Duplication of routes where 
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that must be mixed to obtain the desired /at content In the example 
given, mixing 0 5 pounds of 3 0 percent milLuith 1 pound of 4 5 percent 
milk makes a milk testing 4 0 fat 

Supervision of market milk. No other food product comes in for closer 
and more thorough supervision b> the health authorities than docs the 
production and distribution of market milk for large cities This is because 
milk is so universally used and may be the source of disease producing 
organisms, and also because ns character lends itself to such fraudulent 
practices as the removal of part of the fat, the addition of water, sad 
several other like practices 

Supervision begins upon the farm, which must be equipped with the 
necessary and satisfactory buildings and equipment before the milk is 
acceptable for market Frequent inspections are then made for the health 
of the cows and of the milkers and other milk handlers, as vsell as the 
general methods used in production Samples of milk are taken for chemi- 
cal and bacterial anal>sis, including sediment tests 

The milk processing plants are also inspected frequently for the coi^ 
dition and practices of the plant Faulty equipment is condemned and 
must be replaced The temperature charts of the pasteurizer arc watched 
that pasteurization is properly done Samples of the mdk arc taken fre- 
quently from the milk v>agoiis to be analyzed for punty and wholesomc- 
ness 

The success of the inspection system is attested to by the relauvely 
rare appearance of disease that is mUk borne The value of close super 
vision of milk production and distribution for flmd consumpuon is uni- 
versally recognized, and many small commumties are adoptmg close 
inspection systems 

Score card for market milk production. The necessity for adequate 
and proper housing and equipment for the production of high quality 
milk has been recognized, and score cards have been adopted for m 
specters to use in rating the producers Out of a total of 100 points allowed 
for perfection 40 points arc for the barn and milk room construction an 
equipment, and 60 pomts are for the methods in caring for the 
stables, milk room, utensils, milkmg, and handling the milk (Sec nc*t 
two pages ) 
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Score Card for Market Milk Production 

Equipment Score 


Apparently in good health .... • • t 

If tested with tuberculin within a year and no tubercu- 
losis IS found, or if tested within six months and all 
reacting animals removed • 5 

(If tested within a year and reacting animals are found 
and removed, 3.) 

Food (Clean and wholesome ) .... ... i 

Water (Clean and fresh.) • t 


Stables 

Location of stables . 

Well drained . . t 

Free from contaminating surroundings i 

Construction of stables . 

Tight, sound floor, and proper gutter 2 

Smooth, tight walls and ceiling i 

Proper stall, tie, and manger 1 

Provision for light: 4 sq. ft. of glass per cow 
(Three sq. ft , 3; a sq. ft , 2, i sq. ft., 1. Deduct for uneven 
distribution.) 

Bedding 

Ventilation 

Provision for fresh air, controllable flue system . 3 

(Windows hinged at bottom, 1.5; sliding windows, i; 
other openings, 0,5.) 

Cubicfectofspacepcrcow,50ofcct . . 3 

(Less than 500 feet, 2; less than 400 feet, i ; less than 300 
feet, 0.) 

Provision for controlling temperature t 

Ultnsils 

Construction and condition of utensils . . ..... 

Water for cleaning ..... 

(Clean, convenient, and abundant.) 

Small-top milking pail 

Milk cooler 

Clean milking suits 



Mtlk Room or Milk House 

Location: Free from contaminating surroundings . . . . 

Construcuonofnwlkroom ... . 

Floor, walls, and ceilings .. . .. 

Light, ventilation, screens 

Separate rooms for washing utensils and handling milk 

Facilities for steam 

(Hot water, 0.5.) 

Total 
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Score Card for Market \fiLK Production {Conid) 


Score 

Perfect Allowed 


Cau.s 

Clean ^ 

(Free from \ isiblc dirt, 6 ) 

StahJts 

Cleanliness of stables ^ 

Floor * 

Walls » 

Ceilings and ledges ‘ 

Mangers and partiuom i 

Windows * 

Stable air at milking time ! 

Freedom from dust 3 

Freedom from odors 2 

Cleanliness of bedding 
Barnyard 

Clean i 

Well drained > 

Removal of manure daily to 50 feet from stable 
Afilk Roomor Mtlk House 
Cleanliness of milk room 

Utensxls and Milking 
Care and cleanliness of utensils 
Thoroughly washed 2 

Stenlized in steam for s 5 m nutes 3 

(Placed over steam jet or scalded with boiling water 

2) 

Protected from contamination 3 

Cleanliness of milking 

Clean dry hands 3 

Udders washed and wiped 6 

(Udders cleaned with moist cloth 4 cleaned ivith dry 
cloth or brushed at least 15 minutes before milking 
I ) 

Handling the Milk 

Cleanliness of attendants in milk room 

Milk removed immediately from stable without pouring from 
pail 

Cooled immediately after milking each cow 
Cooled below 50® F 

( 3 > *055° 4 56^060® 2 ) 

Stored below 50® F 

(51 1055° 2 561060“ I ) 

Transportation below 50“ F 
(5* ‘035“ • 5 561060“, 1 ) 

(If delivered twice a day allow perfect score for storage 
and transportation ) 
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This discussion will deal with the fundamentals involved in the 
manufacture of butter, beginning with a consideration of the composition 
and legal standards. This will be followed by a consideration of the 
principles of churning and the factors that influence churning, and of the 
handling of the butter following churning. And, since one’s knowledge 
of the manufacture of butter would not be complete without information 
regarding the kinds and grades of butter, the defects of butter, the cream 
used and its treatment, the tests used, and the by-products, a brief dis- 
cussion of these points will follow that of churning and working butter. 

COMPOSITION AND LEGAL STANDARDS 
Butter consists mainly of the fat of milk agglomerated by adequate 
agitation of the cream or milk. In the agglomerated mass of fat particles, 
however, some of all the ingredients of milk are distributed, as well as 
any salt that may be added. The relative amounts of the constituents of 
butter vary greatly, depending upon the conditions under which it is 
made. 

The fat content of butter averages about 82 per cent and normally 
varies between 80 and 84 per cent. The water content averages about 15 
per cent and varies from 14 to 16 per cent. Salt averages about 2.5 per cent 
and varies from .0 to 4.0 per cent. Curd averages about 1 per cent and 
varies from 0. 1 to 3.5 percent. In addition to these there are small amounts 
qC lactose, milk,, and ash, and traces of other constituents, such as the 
phospholipids and fat soluble materials. Among the latter carotene and 
artificial butter color are the most important. 

Because of the great variability in the composition of butter and the 
possibilities of fraudulent practices by lowering the fat content by various 
means, legal minimum standards for fat and maximum standards for 
water have been set. According to the Federal requirements, butter must 
contain not less than 80 per cent of fat and not more than 16 per cent of 
'vater. This is usually referred to as the double standard. 

Because of the double standard it is difficult to make unsalted butter , 
with as low as 80 per cent of fat. As a result, unsalted butter as a rule 
Contains about 2 per cent more fat than the salted product. 

Structure of butter. In milk the fat is present in an emulsion in which 
the fat is the dispersed phase and water is the continuous phase. Butter is 
also an emulsion, but it is reverse from that of milk or cream. In butter 
the fat is the continuous phase and the water is dispersed in the fat in the 
form of liny droplets. In some butters, at least, w'ater may be present in a 
fairly continuous phase in thin sheets between large particles of butter. 
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This IS particularly true in poorly worked butters, where water may ap 
pear in large drops to produce the condition known as “leaky ” Tlw 
salt, and milk constituents present in butter are either dispersed or 
solution in the water . , i 

Butter IS, therefore, a fairly complicated structure in which a co oi 
and true solution of materials in water is emulsified in fat 

CHURNING ^ 

Principles of churning. Churning, the term used for the 
butter from cream or milk, is the process by which the highly 
fat particles arc brought together to form larger aggregates 
mation of the fat particles is effected by the concussion caused y 
churning process While there is some controversy as to the exact 
which butter is formed, the preponderance of opinion is that * ® 
particles unite through the force of impact with one another due ^ 
churning action In this way two fat globules unite to form one 
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particle, two of these larger particles unite to form still larger particles, 
and so on until the process is complete Before the fat particles can unite, 
the materials adsorbed on them are brought into equilibrium in the 
aqueous phase — the buttermilk The fat particles disrobed of these pro- 
tective materials are now more readily am^gamated through the forces of 
concussion 

Another theory of churning, known as Rahn’s or the foam theory of 
churning, holds that air is necessary According to this theory, air is in- 
corporated in the cream in the churning process to form foam, the fat 
globules then concentrate on the film of the foam to form clusters of fat 
particles which readily unite with other clusters, ultimately forming butter 
According to the proponents of this theory, the fat globules of milk retain 
their identity m butter, having a thin film of ivater and stabilizing colloid 
surroundmg them While this theory is not generally accepted, it is well 
known that fat particles cluster on the films formed by foam to give ri- 
gidity, as in the whipping of cream When the whippmgofcream proceeds 
beyond a certam stage butter is formed 
Butter, however, can be churned without air or foam The author found 
that no more agitation of cream was required for churning m the absence 
of air than when the normal imount of foam was formed 

Churning practices The churning procedure involves all of the steps 
from the proper preparation of the churn to the removal and packing of 
the churned butter • 

The churn vanes from the small contrivances used on farms, that have 
capacities of as loiv as 25 pounds of cream, up to the large factory sizes 
having capacities of 3 or 4 thousand pounds of cream The small churns 
may of the barrel, dasher, swing, or box types, most of which are run by 
hand power The factory churn consists essentially of a large horizontal 
barrel mounted on an axis at each end and equipped with special rolls for 
workmg the butter A few commercial churns are not equipped wth 
apparatus for working, ivhen this type is used, the butter must be removed 
and worked iti special apparatus hlost churns are constructed of wood 
because butter is more likely to stick to metal than to wood There are 
some metal churns, however (Fjg 135) 

Prgpanng the churn The first essential is to ha\e the churn well cleaned 
and well soaked (if of wood construction) before charging it with cream 
The churn may be a source of bacterial and mold contamination that may 
cause rapid deterioration unless it is carefully cleaned and sterilized before 
use The soaking is essential to prevent the stickmg of the butter The 
chum should also be cooled below the temperature of the cream 

Loading the churn No more cream should be placed in the chum than 
Will permit maximum agitation — H to full is usuall) the best load 
Butler color The proper amount of butter color is now added This 
should be carefully measured and apportioned on the basis of the amount 
of buuerfat in the churn and the amount of color found necessary 
The churn is then run until the butter granules are the size of peas, 
wrhen It IS stopped and the buttermilk drained off 
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R^n.^ng the buttenntlk oft the fat and tm.de of *= f ^J^ep 
vnth water of the same temperature as the butterm k is th P 

m>hwg After the rinsing, the butter is washed by fil mg me^cn^^,^ 
with water of the same temperature as the ‘o t 

as that reached by the cream, and revolving the churn f 

After the wash water is drained, the desired amount 
IS added The amount of butter is calculated from the test « 
and from this the amount of salt needed can be determine 
proper amount of salt an excess of about 50 per 
butter IS low in moisture content, however, less salt is addc 
salt IS added to take care of salt losses in the water “ut of the butter 

in working, and it consequently varies with the amount of ^ 

The butter is now svorked to compress the fat granules and Y 

incorporate the water and salt If the butter contains '“ ““fb water 
may reduced by more working If the butter contains b«'= ^ 
the necessary water is added and worked into the butter ^ PJ" ,\q,en 
IS also important from the standpoint of the texture o t e r ^ 

the butter is properly worked, u has a homogenous ’ ^ce 

from visible moisture particles, and has a firm and ivaxy visible 

Undemorked butter is usually not firm fti appearance op 

water particles Ovensorked butter becomes dull m color and greasy 
salvy in appearance w^^K+amthe 

. Factors influencing churning The object in churning is to o 

best possible texture of butter with the most exhaustive removal oi d ^ 
fat from the buttermilk in the shortest penod of time The buUer m 
of a firm texture when churned or an inferior product will w o 
If the butter is too soft when it is churned, the finished produc 


greasy and leaky, as well as too high in serum content oortant 

Temperature of the cream when churned is one of the most imp 
factors in butter making The temperature used is the one that '« 
duce butter granules of the correct consistency for proper ^ 

temperature at which cream should be churned varies, depen 
the composition of the fat and the season of the year In the Nvin 
correct temperature is usually about 50“* F , while in the summ 
cream should be cooled to at least 46* F Fats produced on ^ 

softer than those produced upon dry winter rations There is 
apparent seasonal effect, not related to the feed, upon the so 

Temperature also affects the exhaustiveness of churning Lower ^ 

atures make necessary longer periods of time for churning 
exhaustive removal of the fat from the buttermilk A temperattire a 
butter will be produced from sour cr«am in 45 minutes and ro „ 
cream in 50 to 60 minutes of churning is the most desira 
churning temperatures lower the time required for butter to co 
spoil the texture and cause a retention of too much of the ^rum 
temperatures also increase the losses of fat in the buttermilk it 

Cream should be cooled for several hours at the temperatmc a 
IS to be churned, or, better still, at a temperature of several degre 
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the desired churning temperature The reason for this is that the fat cools 
much more slowly than, the serum part of the cream Time is required for 
the cooling and hardening of the fat to the proper consistency for efficient 
churmng 

The size oj the fat particles is an important factor in the rapidity of churn- 
ing Cream from breeds producing large fat particles (Jersey and Guern- 
sey) churns more rapidly and more exhaustively than cream from the 
breeds producing small fat particles (Holstein and Ayrshire) The fat 
particles decrease in size with the advance in lactation, and, therefore, 
cream from cows that have been milked for a long time churm with 
greater difficulty than that from cows more recently fresh 

The richness of the cream is also a factor in the rapidity of churning The 
higher fat content creams churn more rapidly than those with lower fat 
contents, this is due, no doubt, to the shorter distance between the fat 
particles in the rich cream Cream with 30 to 35 per cent fat content is the 
best for churning 

Viscosity IS directly correlated with churning Increased viscosity length- 
ens the time required for churning and increases the fat losses The length- 
ening of time is due to the resistance of the cream to agitation and move- 
ment of the fat particles Increased fat losses are due to the adhering of 
the VISCOUS cream to the churn, later to be released in the buttermilk 
Sour cream churns more rapidly with Jess loss of fat in the buttermilk 
than does sweet cream, largely because of the reduced viscosity High 
acid reduces viscosity by changing the protective nature of the proteins 
of the cream Slight acidity may increase the time required for churning, 
as the viscosity is increased by increased acid up to the point where the 
casern begins to precipitate, when were is a decrease in viscosity 
The load and the speed of the churn affect the speed of churmng to 
the extent that agitation is affected Overloading the churn naturally de- 
creases the amount of agitation and lengthens the churning time The 
speed of the churn, likewise, should be adjusted to give the maximum 
agitation If the churn is run too fast, the centrifugal force will hold the 
cream against the outer walls without agitation If the churn is turned 
too slowly the cream will be held practically stationary at the bottom of 
the churn by gravity forces 

Cream from cows in advanced lactation is difficult to chum, in some cases 
It Will not churn at all This is to one or both of two reasons — too small fat 
particles and the action of lypase, a fat-spUuing enzyme With advance in 
lactation there is a progressive decrease in the size of the fat particle 
Increased lypase content of the milk is not constant but is frequently 
associated with advanced lactation Lypase splits the fat into fatty acids 
and gycerol The fatty acids unite with the cations of the milk to form 
soaps which m turn stabilize the emulsion when present m sufficient 
quantities, preventing the coalescence of Uic fat particles regard’ess of the 
length of churmng 

Difficult churning because of these factors is usually restneted to farm 
butter making, where most of the cream may come from cows in advanced 
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stages of lactation Mixed cream from different herds will seldom come 
from sufficient advanced lactation milk to be a serious factor in difficult 
churmng 

When lypase is the cause of difficult churning it will be indicated from 
the development of a hitter taste in the cream This bitter taste is not 
present Nvhen the milk is drawn but develops upon standing, usually 
requiring 12 or more hours before it becomes pronounced This difficulty 
may be overcome by heating the milk or cream to at least 180° F soon 
after it is produced 

Factors influencmg the fat losses m buttermilk. The importance of 
keeping the losses of fat in buttermilk to a minimum is obvious The 
factors influencing the losses of fat in the buttermilk have been indicated 
in the previous discussion, but because of the importance of the problem 
they will be recapitulated here The chief factors are 

1 Temperature of churning and tempenng of the cream before churning 
The fat particles of the cream must properly congealed 
a The acidity of the cream. Sour cream chums more exhausUvely than 
sweet cream Losses m sweet cream buttermilk are reduced by lowering 
the churning temperature and increasing the length of churning 

3 Size of the fat particles Creams with small fat particles entail heavier 
losses in the buttermilk than do creams with larger fat parucles 

4 Pasteunzaaon of sour creams frequently causes a locking up of fet m the 
hard lumps of casein formed by this process, and an increased loss m the 
butter milk. 

5 Viscosity of the cream causes fat losses in the buttermilk because creams 
. with high viscosity sack to the chum parts and are not churned 

GRADING AND SCORING BUHER 

Kinds and grades of butter All butter may be divided into t%vo gen- 
eral groups depending upon whether the cream from which it is made 
is raw or pasteurized All butter may also be divided into salted or un- 
salted groups In addition to these there are a number of other classi- 
flcations of butter that are used in the trade They are 

Cuametj bultcT The butter made m any creamery or plant where butter 
IS churned , 

Farm butUr or dairy bulUr Butter made on the farm where the cream is p 
Ripened cream butler The butter made from cream that has been nocned f 
the addition of a starter 

Sweet cream butter Butter made from cream containing not more than o 
per cent acid at any time 

butler or whey cream butter The butter made from cream skimmed o® 
whey It may be cither sweet or cultured 
Renovated or process butler The butter made from refined and reworked bu 
of inferior quality, usually packing stock 
Packing stock The butter unsuited for human consumpnon 
In addition to the above classes, butter is also sold under definite mar 
ket grades based upon quality These grades with the scores necessary 
foUotv 
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Special or better than extras must score 93 or above. 

Extras: Must score at least 92. 

Firsts: Scores from 88 up to 92. 

" Seconds: Scores from 83 up to 88. 

Thirds or Packing Slock. Butters unsuited for 
human consumption. 


Scoring butter. Most butter sold on tlte market is scored by experts. 
For scoring the following score card is used: 

Characteristic Points AUowwl 


Flavor .45 

Body 25 

Color . 1 5 

Salt to 


Package 


100 

While the points on the score card total 100, the peculiar thing about 
butter scoring is that it is never scored 100 even, though no fault can be 
found. Butter on the market is seldom scored above 94. In butter contests 
scores as high as 96 may be allowed. 

Flavor is naturally the most important consideration and, consequently, 
nearly one-half of the total points, outside of that for package, is reserved 
for characteristic. Flavor is a difficult character to describe. It cannot 
be determined chemically. Since flavor is caused by compounds that react 
upon the olfactory nerves, in reality it is due to odor rather than to taste. 
The latter is that which is detected by the taste buds of the tongue, by 
which only four types of sensations can be perceived — bitter, sweet, salt, 
and sour. The desired flavor of butter is described as sweet, clean, and 
possessing aroma. The defects in flavor are many The more common 
ones are rancid, tallo%vy, metallic, cheesy, cooked, unclean, and a number 
of feed and weed flavors, as well as some flavors the characteristics of 
which are hard to describe 

Bodj>. By body is meant the physical appearance of the butter. The 
body of good butter should be firm, of a waxy appearance, close textured 
and homogenous or uniform. The common body defects arc : a salvy or 
greasy texture due to overworking; a weak texture that causes the butter 
not to stand up at normal temperatures; a body from which water leaks 
out; a sticky body, causing the butter to stick when it is being spread; 
and a crumbly texture, causing the butter to crumble when it is being 
spread. 

Color. The market demands in color vary somewhat. The right color 
of butter is that which meets the market demands and is uniformly dis- 
tributed The present market demand is for a light straw color of butter. 
In the spring of the year when the cotvs are on pasture, particularly tvhere 
Jersey and Guernsey breeds predominate, butter is too high in color. 
In the winter butter may be too low in color unless the proper color is 
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added The color defect where yellow streaks are alternated with lighter 
ones-the “mottled” condition— must be avoided This is due to the 
improper distribution of water and salt, and sometimes may be due to curd 

Salt The amount of salt in butter vanes from nothmg-up to 5 or more 
per cent, depending upon the consumer demand The defect from im- 
proper salting IS the production of a mottled condition, or so much salt 
may be added that salt grains are perceptible, producing a gritty con- 

* Pociagt The package must be appropriate, properly lined with paper, 
and clean 

CREAM FOR BUHER MAKING 

Types of cream. Cream used for butter making may come from the 
farm where it wzis separated, from whole milk creameries or other proc 
essing plants such as market milk or condensed milk plants, or rom 
cream separated from whey and known as whey cream Natura y c 
cream used for butter making vanes greatly in quality The P*"® 

duced from the separation of the whole milk m plants is usually o g 
quality, as is much of the cream produced on the farm On many w i 
however, only such small amounts of cream are produced daily that 
expense of proper cooling or frequent delivery, so necessary for qua ity, 
IS not warranted These creams are sometimes of very inferior qu i y 
Cream grading Grading cream on a basis of quality has not rwt wi 
great success, for two reasons First, the competition for the produce 
cream is so great that buyers are reluctant to place the proper gra ® ° 
poor creams, and second, it is difficult to grade cream properly as 
passed in Minnesota and Manitoba, Canada, have to a certain ex 
overcome the former of these reasons in that they make the gra , ^ 
cream mandatory, but there still remains the difficulty of making 
correct grades, although some progress is being made The ideal cream 
butter making is sweet (containing less than 0 2 per cent 
flavor, and free from sediment Such cream would grade No 1 1 ® ^ 

best cream for butter making is that which has developed some 2 

clean of flavor and free from sediment Such cream would grade ° 
and for the making of ripened cream butter is very satisfactory 
grades of cream possess varying degrees of off flavors due to one or 
of a number of causes , . .. 

Sweet cream, properly handled, may be almost unsuited for 
making because of decided weed or other feed flavors A tallowy 
may be very pronounced in a sweet cream due to a peculiarity oi tne 
or cows from which it is produced, or due to contact with some 
which catalyzes oxidation Sweet creams, too, possess odors t 
been absorbed from exposure in rooms laden with undesirabJe 

Sour creams often develop a host of defects from the organisms 
contain In addition to extreme acidity, moldy, lancid, 
and decomposed flavors arc frequently developed The flavors pr 
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by micoorgamsms are usually difficult to get nd of, as contrasted to 
absorbed flavors whicb frequently may be driven off by aeration or pas- 
teurization 

Processing q:eam for churning There are four processes to which 
cream may be '’submitted, with which students of dairying should be 
acquainted These are pasteurization, neutralization, ripening, and treat- 
ment to free from odors and flavors 

Pasteurization Since the principles of pasteurization have been treated 
previously, there is no need of discussing the details at this point Most of 
the cream used for churning in plants is pasteurized Either the holding 
or flash systems or a combination of the two may be used Cream is 
usually subjected to somewhat higher pasteurization temperatures than 
milk — rarely lower than 145® F for 30 minutes by the holding process 
Before sour cream is pasteurized it should be neutralized to avoid 
curdling When the cream has curdled, some of the curd particles are 
incorporated in the butter Other curd particles enclose fat particles and 
cause high fat losses in the buttermilk 
Neutralization Before sour cream can be pasteurized, the acid must 
be neutralized by some neutralizing agent For this purpose one of the 
following alkalies may be used calcium oxide, calcium hydroxide, cal- 
cium carbonate, magnesium carbonate, or sodium bicarbonate, or mix- 
tures of these compounds In neutralizing cream care must be taken not 
to add too much neutralizer, as an excess may cause saponification 
Neutralization should not be earned farther than back to a titration of 
2 per cent acidity in terms of lactic acid 
Creams that have developed loo much acid for churning should also 
be neutralized 

Ripening Ripening of cream refers to the process of lactic acid fer- 
mentation started by the addition of lactic acid cultures Most creamery 
butter IS made from ripened cream Sour cream is usually neutralized, 
then pasteurized and ripened 

Ripening is carried out by cooling the cream following pasteurization 
from 70 to 72® F , when 5 to 10 percent of its weight of “starter'* is added 
The cream is then held at 70 to 72® F until an acidity of 0 3 to 0 4 per 
cent IS formed, when it is cooled preparatory to churning 
The starters consist of tivo types of organisms developed in milk One 
type of organisms breaks the lactose down into lactic acid, and the other 
acts upon, other compounds of the cream to form a senes of volatile com- 
pounds, of which diaceiyl is an example These compounds give to the 
cream and butter some of the desirable flavors and aromas 

Natural souring of clean cream produces much the same eflcctas the 
BSC of starter Unless the cream is pasteurized, however, the many other 
types of organisms present grow about equally well with the desirable 
types 

Removing objectionable fiavots and odors While many of the objectionable 
flavors and odors of cream cannot be removed by any method now known, 
there arc several flavors that may be removed partially or entirely It vnll 
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be possible only to list here the different methods emplojed for this 
purpose They are as follows 

1 Blowing a current of air o\cr a thin film of cream as it is run over 
a surface cooler The cream should preferably be hot 

2 Subjecting hot cream 160* F or above to reduced pressure, as in a 
vacuum pan 

3 Bubbling air through hot cream cither at normal or reduced pres- 
sures 

4 Using carbon dioxide instead of au" 

5 Treating the cream with chemicals that will oxidize or reduce the 
flavor producing compound, or perhaps in some cases counteract the 
flavor 


TEST USED IN BUHER MAKING 

In addition to the tests for cream and buttermilk which have been 
discussed previously, there arc a number of other tests used m the making 
of butter — those for the moisture, fat, curd, and salt content, and for 
adulteration, foreign matter, and bactena 
The Koh^n method This method of butter analysis has been found 
to be a satisfactory test for moisture, fat, salt, and curd It has been modi- 
fied by seseral workers to simplify the procedure 

Moisture ^Velgh accurately 10 grams of butter mto an alummum 
dish Dnve off the moisture slowly over an open flame When the foaming 
ceases all moisture has been dnven off At this pomt, provided the flame 
has been low, the curd is a light brown in color Cool the dish and its 
contents to the room temperature, and weigh Detemune the loss m weight 
of the sample Divide this by tire weight of the butter and multipl> by 
100 to secure the percentage of water 

Fat IS determined by dissolvmg the residue from the moisture deter- 
mination m 100 cc of gasoline Thoroughly stir the mixture with a glass 
rod, and then alloiv it to settle for at least five mmutes Carefully decant 
off the gasoline solution into a separate contamcr Repeat the process 
with another 100 cc of gasolme Dnve off the rcmaimng gasolme over 
the same heat used for the moisture determination Weigh and determine 
the net loss in weight of the sample Divide this by the weight of butter 
used and multiply by 100 to secure the fat percentage ^ 

Salt is determined from the residue by the following method 
cc of distilled water to the residue, and stir thoroughly with a glass 
Pipette 10 cc of the mixture into a flask or white cup for titration "t 
a sihcr nitrate solution First add two to three drops of 10 per cent 
Slum chromate solution Then titrate the silver nitrate solution (29 00- 
grams with enough water to make a liter) mto the solution until a 
ish color appears The number of cc of silver mtratc solution used cq 
the per cent of salt m the butter 
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Curd. The sum of the percentages of moisture, fat, and salt subtracted 
from 100 gives the percentage of curd. In the curd as here used are also 
the lactose and ash, as well as the proteins- 

Other methods. The fat may also be determined by the Babcock 
method in special butter test bottles and by the Majonnier method, which 
is the most accxirate, but which requires especially constructed equipment. 
Moisture may also be determined accurately by the Majonnier method. 

The microscope is used to determine and identify foreign material. 
Filter pads «ire also used. 

Bacterial mold and yeast content are determined by standard bacterio- 
logical methods. 

To assist in determining whe ther butter has been adulterated the various 
fat constants are determined. ^ 

BY-PRODUCTS OF THE BUHER INDUSTRY 

Where butter is made, two by-products result directly — skim milk and 
buttermilk. In most cases both of these are fed to livestock on the farm, 
but an increasing proportion of both of these products is now used for 
the manufacture of powdered skim milk and buttermilk, casein, con- 
densed milk, and buttermilk for semisoUd buttermilk. 
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Cheese makieo, as well as bittier making, is one of the earliest 
connected with dairying The time when cheese was first made antedates 
the earliest of human records The first cheese made was probably the 
result of natural souring, this was followed by cheese made from rcnnin, 
coagulation of mUk, and npemog While cheese making is still an art, 
science plays an important part m the making and cunng ot cne^ 
Modern cheese making draws upon chemistry and bactenolo^ or 
control of the entire process, beginning with the milk and indudmg 
the steps in the making and cunng of cheese , 

Cheese differs markedly from butter m lU composition, structure, ana 
the chemical parts of the mUk that are used The processes involved m 
the manufacture of cheese are unlike those involved m butter 
and the processes for the manufacture of the different cheeses also vary 

^ypes of cheese The several hundred varieties of cheese may be di- 
vided into different classes or groups There are different bases use o 
such a classification One uses the hardness of the finished cheeses 
basis for division, while another uses the condition or character o 
milk or product from which the cheese is made as a basis for classificatio 
On the basis of the hardness the cheeses fall into the following 
with the subdivisions based upon the methods used in making an t 
organisms employed 


I Soft cheese 

X Unnpened — cottage and cream cheeses 

2 Ripened by bactena — Limburger 

3 Ripened by molds — Camembert 

II Semihard cheese 

1 Ripened by bactena — bnek 

2 Ripened by molds — Roquefort 

3 Made from whey — pnmost 

III Hard cheese 

1 Without gas holes — Cheddar 

2 With gas holes — Emmenlhal or Swiss 

IV Processed or reworked • 

On the basis of the product used, cheese may be classified into the fol 
lowing groups 


I Rennet or sweet milk cheese 
t Soft cheese 

a Ripened by bactena 
b Ripened by molds 
603 
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2 Hard cheese 
a Wth gas holes 
b Without gas holes 

II Sour milh cheese 

III Whey cheese 

IV Process cheese 

In the United States the pnnciple cheeses made are those of the hard 
vanety — Cheddar and Swiss cheese Among the soft cheeses the unnpened 
vaneties, cottage cheese and cream cheese, constitute the principle ones 
The manufacture of the other types of cheese is not extensive, although 
practically all t>'pes are now manufactured m this country (Fig 136) 

THE PRINCIPLES OF CHEESE MAKING 
While the methods employed in the making of different cheeses vary 
widel>, there arc two sets of processes involved The first is the production 
of the coagulmn, and the other is the curing or npemng processes 
The coagulum With the exception of whey cheese, casein forms the 
common and basic constituent of ail cheeses The other milk constituents 
present m cheese are either dispersed m the water present or are locked 
up in the coagulated casein The casern may be coagulated by one or a 
combination of the following three methods acid , rennin , pepsin 

In the case of the whey cheeses, all the whey constituents are condensed 
by the evaporation of the water 

Acid coagulation is used for the production of acid cheeses, such as 
cottage cheese and cream cheese TTie acid is usually dev eloped by the 
addition of a starter to the milL or cream from which the cheese is to be 
made, and incubated until sufficient lactic acid has developed to precipi- 
tate out the casern The principle of acid precipitation of casein has been 
discussed previously In bnef it consists of a removal of the calcium from 
the calcium casemate to form casein and calcium lactate The casern is 
not stable and comes out m the form of large coagulums known as curd 
ilrnnm and pepsin coagulation Rcnnin and pepsin must be considered 
together, as the commercial rennet also contains pepsin Both of these 
enzymes possess the power of coagulating milk Rcnnm, used for cheese 
making, is secured prmcipally from the stomachs of suckling calves An 
extract of the lining of the fourth stomach (abomasum) consUtutes com- 
mercial renmns, known as rennet 

Although both renmn and pepsm will coagulate milk, rennin is be- 
lieved to possess only the ability of coagulation, while pepsm wall, m addi- 
tion, break the casern down mto simpler compounds known as peptides 
Rennm coagulation differs markedly from acid coagulation The exact 
nature of renmn coagulation is, as yet, not umversally agreed upon, but 
the majority believe that a calcium paracasemate is formed It is thought 
by many that the calcium paracasemate is formed by breakmg the casein 
molecule mto simpler molecules with the addition of calcium The renmn 
Coagulum, therefore, contains more calcium than the calcium, casemate of 
the milk, vshilc the acid coagulum contains less calcium Sometimes milk 
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Land 0 Lake* Creamenes, Ine. 


Fig 136 Some of the many different forms and pockoges in which cheese 
IS sold 

contavm too httle calcmro for the coagulation by renntn When this is 
the case, the difficulty may be overcome by the addition of a calcium salt, 
such as calcium chloride After the rennm has acted upon the milk, the 
whole sets into a gel The gel, at proper temperatures, contracts to squeeze 
out the water, containing materials in solution and dispersed thercm, 
this IS commonly called whey 

Curing processes \Vith the exception of some soft acid cheeses tha 
are ready for consumption when they are made, all cheeses go throug 
a storage period m which marked changes take place The changes tM 
take place dunng the cunng process are not fully understood, but they 
consist largely of a breakdown of the various constituents of the che^ 
The lactose may be broken down into lactic acid and other compoun > 
the paracaseinate and other proteins are broken down into simpler pro 
tein constituents and in some cases down mto ammo acids, and the fa 
may be broken down mto fatty acids 
The breakdown of the different constituents is caused by the differen 
organisms present m the milk or added to the milk for cheese making, 
as well as the action of added enzymes As different organisms cause 
different breakdown products, specific organisms arc added for the pro 
duction of specific cheeses A special mold, Penictlltum roquejortt, is ^ 
for the production of Roquefort cheese, and Penicillium 
used for the production of Camembert cheese In other cases the curing 
conditions are so controlled as to favor the development of certain organ 
isms present m the milk m order to secure the type of reaction 
This IS accomplished to a great extent by adjustmg of the temperatu 
and moisture conditions during the curmg period 

The chemical composition of cheese The composition of c 
vanes widely withm the different vanetics as well as between them 
vanations may be observed in the following table Water and fat are 
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NoRifAL Vaeiatioks IN CouposmoH OF Cheese, and Yieujs per 100 
Pounds of X&lk 



' Water 

! 

FreUin 

Fat 

Ash 

Yield per 100 
Founds olhCIk 


FerCoU 

PerCt>U 

Per Cent 

Per Cent 

Pound* 

Bnck 

37 to 40 

22 to 24 

27 to 33 ; 

40to45 

11 to 13 

Camembert 

47 to 50 

18 to 21 

25 to 28 

20to30 

12 to 14 

Cheddar 

34 to 42 

21 to 25 

30 to 36 

3Sto70 

9 to 13 5 

Cottage 1 

70 to 75 

13 to 20 

Trace to 2% 

20to30 

14 to 19 

Cream | 

1 

38 to 43 

1 

13 to 16 

43 to 48 

05tol5 

15 to 20 
per 100 
cream 

Limburger 

39 to 43 1 

21 to 25 

26 to 30 


12 to 14 

NeufchAtel 

50 to 55 

18 to 21 

23 to 28 

05tol3 

12 to 14 

Roquefort 

37 to 40 

19 to 23 

31 to 34 

SOto 70 


Swiss 

30 to 34 I 

25 to 30 

30 to 34 1 

30to50 

Stoll 

Pnmost 

10 to 20 1 

1 

10 to 15 





iDOst variable constituents The soft cheeses are higher m water content 
than the hard cheeses Cottage cheese is the loivest m fat content, and 
cream cheese is the highest m this respect The protein content vanes 
within much narrower limits, ivith the exception of pnmost, which is 
low m its protein content 

Products from which cheese is made. Cheese may be made from 
whole milk, skim milk, cream, or whey Of these, whole milk is by far the 
more important, as Cheddar cheese, Swiss, Limburger, Roquefort, etc 
are all made from whole milk Skim milk, used prmcipaJJy for the making 
of Cottage cheese, is also used for the making of certain "skim milk” 
Cheddar cheeses Cream is used for the production of ''cream^' cheeses 
Whey IS used for the production of pnmost 

Cow’s milk IS the product most extensively used for cheese making, 
next IS goat and sheep milk, which are used extensively m Europe for 
the production of certain types of cheese Roquefort cheese is made from 
sheep’s milk Mare’s milk is also used for cheese making 

Quality of milk Cheese making requires milk of high quality from 
the standpoint of flavor and its microorganism content The flavors of 
milk are carried over into the cheese Bad feed flavors of the milk may 
practically rum cheese Undesirable microorganisms m the milk, includ- 
ing bacteria, > easts, and molds, will produce undesirable effects upon the 
cheese during ripening 

The amount of fat m the milk affects both the yield of cheese and the 
fat content of the cheese \Vith increased fat content of the milk there 
IS an increase in both the yield and per cent of fat m the cheese This is 
accounted for by the fact that ivith increased fat content of milk there is 
an mcrcase in casein, but the increase in casein is not proportionate to the 
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increase in fat The following table shows the increase in yields of cheese 
and pounds of cheese per pound of fat for milks of different fat percentages 


Per Cera Fat in Milk 

\ eld ol Cheese | 

PouDds per Pound 
o( Fat 

Pet Ctnl 

Pnndt \ 


34 1 

90 i 

2 73 

37 

100 { 

2 73 

42 

114 1 

2 70 

47 

12 S ' 

2 70 

5 1 

13 6 j 

2 66 


MANUFACTURE OF CHEESE 

The manufacturing processes employed in the production of different 
cheeses vary greatly It will be possible here to treat the manufacture of 
only a few of the more common cheeses, and then only m outline form 
Of the hard varieties, the most common cheese m the United States is 
the American Cheddar cheese, this is followed in importance by the 
Swiss cheese In the semihard group, bnck cheese leads, with small 
amounts of Camembert and Roquefort also made For the soft cheeses 
cottage cheese, cream cheese, and Limburger are of major importance 
The steps in the manufacture of Cheddar cheese will be considered, fol- 
lowed by a consideration of the most important features m the produc- 
tion of the other cheese mentioned 


Hard Cheeses 

Cheddar cheese Following is a consideration of each of the important 
steps in the manufacture of Cheddar cheese 

Mslk Fresh, clean milk is placed in a suitable vat known as a cheese 
vat This vat has an outer jacket for heating purposes Water m this 
jacket may be heated by steam 

Jtifiemng the milk An acidity of about 0 2 per cent in terms of lactic 
acid IS the best for cheese making Fresh milk may be brought up to 
this acidity by holding for the proper length of time or by adding enough 
starter to bnng the acidity immediately 

Hrafing the milk After the milk has been properly ripened, it should 
be heated to between 86 and 88® F Lower temperatures produce too soft 
curd, and higher temperatures produce a curd that is too tough 

color The proper amount of cheese color should then be added 
and thoroughly mixed by stimng 

Rennet is now added m sufficient quantities to completely set the milk 
within 25 to 35 minutes Under ordinary conditions from 2 5 to 4 ounces 
of commercial rennet are added per 1,000 pounds of milk The rennet 
extract should be diluted in 40 to 50 parts of water and thoroughly slirrc 
into the milk 




CHEESE 


613 


Setting The milk is permitted to set while the rennet coagulates it 
In order to determine when the curd is firm enough for cutting, it is 
pushed away from the walls of the vat or broken by inserting the fore- 
finger obliquely into the curd and raising If the curd breaks away cleanly 
from the vat in the former or breaks sharply in the latter it is firm enough 
for cutting 

Cutting the curd When the curd is of the proper firmness it is cut 
into to M iQch cubes to facilitate expulsion of water The cutting is 
done by two curd knives with a number of parallel blades or wires run- 
ning vertically m one knife and horizontally in the other The horizontal 
knife is passed lengthwise with the vat and the vertical knife is passed both 
lengthivise and crosswise 

Heating Following cutting, the curd is toughened by heating, which 
IS usually referred to as “cooking ** The whey and curd are slowly heated 
to 100 to 103® F About 35 mmutes should be required to accomplish 
this 

SiXTTing While the vat is being heated the curd must be stirred or it 
will settle to the bottom of the whey and “mat ” Stirring is effected by 
agitation with cheese rakes which are pulled back and forth in the vat, 
or by a mechanically operated stirring apparatus 
Draining the whey When the curd particles have shrunk to half or 
less of the original size and have assumed a tough, rubbery characteristic, 
the whey is drained off 

Cheddaring The process from which this type of cheese derives its 
name is known as cheddaring It consists of piling the curd, either m a 
vat or in a special curd sink, in a layer 4 to 5 inches m depth Here the 
curd parucles adhere to form a solid mass This is also known as matting 
Whey IS being forced out from the curds during this process The mass 
IS now cut into strips 8 to 12 inches in width and up to twice this in 
length and are piled 5 to 6 slabs deep 

Milling the curd After cheddarmg is completed, the slabs of curd 
are passed through a curd null, this is a machine, usually operated by 
hand, for cutting the curd into small pieces The pieces are usually strips 
about 1 by 1 by 2 inches The milling is done to facilitate salting, packing 
in the hoops, and further drainage of whey 

•Sa/ting Salt is added to the nulled curd at the rate of 1^4 to 
pounds per 1^000 pounds of milk used The curd is thoroughly stirred to 
facilitate distribution of the salt 

Packing in hoops The cheese hoop is a heavy steel cylinder of the 
diameter desired for the cheese The hoop is lined mth cheesecloth and 
the milled curd is packed therem When filled the hoop is put into a 
cheese press, where pressure is applied to squeeze the curd particles mto 
one homogenous mass The cheese is usually left m the press for a period 
of 48 to 72 hours 

Hoops used Cheddar cheese is invariably packed m hoops, but the 
diameter of the hoops vanes according to the size of cheese to be produced. 
There are seven different sizes, and cheeses of each size or shape have a 
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special name Export ^'^elghs 73 to 90 pounds, Cheddar, 40 to oO pounds, 
Flats, 33 to 40 pounds, Tivans or two in a box, 35 to 40 pounds each, 
Daisy, 20 to 24 pounds. Young Araenca, 10 pounds, and Longhorn, 
10 to 15 pounds With the exception of Longhorn, which tapers, all these 
cheeses are flat and circular 

Drjing After the cheese is removed from the press it is placed m a 
cool, dry place for 3 to 5 daj’s to permit the outer surface to become 
thoroughly dry 

Paraffining When thoroughly dry, the cheese is coated with paraffin 
by dipping it into a vat of paraffin heated to 215 to 230° F 

Curing The paraffined cheese is now placed in the curing rooms at 
from 45 to 60° F Cheddar cheese may be held in the curing rooms for a 
^ear or more, but it is usually removed in 3 months Longer curing pro 
duces a more desirable cheese, but it adds to the expense of production 
The breakdoi^n of lactose is contmued in the early curmg stages by S 
laclis Lactobacillus casts is chiefly responsible for the protein breakdown 

Skim milk Cheddar cheese Skimmed or partly skimmed nulk may be 
used m making Cheddar cheese The processes are identical to those just 
described Cheese made from skimmed or partly skimmed milk must be 
so labeled when offered for sale 

Swiss cheese Swiss cheese is variously known as Emmenthal, Gru> ere, 
or Schvkcitzer It was developed m Switzerland, and ranks next to Ched- 
dar cheese m this country m the amounts made It is characterized by 
holes H inch to 1 inch m diameter and 1 to 3 inches apart 

The manufacture of Suiss cheese differs from that of Cheddar cheese 
m that It IS made m circular ketdes instead of vats, the curd is not ched 
dared, but lifted out ui a press cloth, and the curds are cooked at a higher 
temperature, 123 to 128° F It differs also m the methods of salung and of 
curing 

Circular kettles are used to facilitate the removal of the curd, which 
IS done by slippmg a cloth under the curds in the whey and hoistmg the 
m ass out isith the aid of a block and tackle The curds are cooked at a 
higher temperature to express the whey, which the cheddanng process 
accomplishes for Cheddar cheese 

Starter made with a pure culture of Lactobacillus bulgaricus is often used 
to produce lactic acid, which in turn suppresses other undesirable fer- 
mentations Streptococcus thermophtlus plajs an important part as it survive 
the high temperatures to which the acid is subject and develops rapidly 
at these temperatures Then cultures made from cheeses v«th desirable 
c>es arc added, or pure culture of the two organisms which are responsible 
for the eje formation— Z^/ofcaci//itr cases and PropionsbacUrswn shermanii 
may be used 

The curd is pressed in the same manner as the Cheddar cheese curd 
IS Salting IS accompluhcd either by leaving the cheese in a strong bnne 
solution for several da>s or by rubbmg the cheese with dry salu 

The cunng requires two processes — one to develop e>cs, and the 
to continue the ripening process A temperature of 70° F is maintainea 
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in the curing room for the development of eyes, this process usually 
requires about two ^veeks The remainder of the curing process is carried 
on at 60“ F From 3 to 10 months are required for the curing process 


Semihard Cheeses 

Brick cheese Brick cheese is made from low acid milk — not over 0 16 
per cent lactic acid equivalent It, therefore, requires fresh milk to which 
a small amount of starter is added The milk is curdled by rennet and 
cut in the same way as Cheddar cheese is It is “cooked,” however, at a 
higher temperature — 110 to 115“ F During the “cooking” process the 
curd is constantly stirred 

The whey is not drained off the curds as for Cheddar cheese, but the 
curds are dipped out of the whey They are then packed into forms 10 
inches long by 8 inches deep, and are pressed by the application of weights, 
such as bricks 

The cheese is salted by rubbing or by soaking in a brine solution, and 
IS then placed in curing cellars at 60 to 70“ F , with high humidity From 
4 to 6 weeks are required for the curing process 
Roquefort types True Roquefort cheese is made in Roquefort, 
France, from sheep’s milk In America Roquefort like cheeses have been 
made for some time from cow’s milk Roquefort cheese is characterized by 
the following 

1 A firm but crumbly texture 

2 A white color except for the blue spots caused by blue molds 

3 A strong, peppery flavor due to the presence of a number of the lower 
fatty acids of butterfat — caproic, capric, and caprylic acids These 
are products produced by the action of the mold upon the butterfat 

RoquefoTt cheese is made fsom milk by brmgmg the acidity up to 0 20 
per cent with a starter It is then coagulated by rennet at 85® F The curd 
is not “cooked,” but is removed from the whey 20 minutes after it is cut 
It IS drained for about 20 minutes, and then it is packed in the proper 
forms (circular hoops 6 inches high and 7^^ inches in diameter) Spores 
of the mold Pcnicillwm roqueforti arc sprinkled on the curds as they are 
packed 

After 24 hours the cheese is removed from the molds and salted by 
rubbing from 6 to 8 pounds of salt on each 100 pounds of cheese After 
salting, the cheese is pierced by long needles to admit air and allow the 
mold to groiv In the finished cheese the blue mold spots follow the needle 
punctures 

The cheese is cured in cellars at about 50“ F and 90 to 95 per cent 
relative humidity In France the natural caves near Roquefort furnish 
these conditions, m America they arc usually created by artificial means 
From 5 to 8 months are required for the curing process 

Gorgonzola, originating m Italy, Stilton, developed m England, and 
Fort du Salut of France arc types of foreign cheese belonging to the scmi- 
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hard class which arc made to a certain extent in various parts ot this 
country 

Soft Cheeses 

The soft cheeses may be divided into two groups— those that arc not 
ripened and ihosc that arc npened Among those that arc not ripcnc arc 
cottage cheese, Ncufchatel, and cream cheese , these arc important among 
American cheeses In the ripened group of soft chccscs are Limburger an 
Camembert 


Unnpened Soft Cheeses 

The unnpened soft cheeses arc cither coagulated by acid alone, or acid 
formation pla^s an important part in their production Cottage cheeses 
and cream cheese are produced by curdling the nulL or cream with 
acid formed by souring Neufchiicl, m addition to souring, is produced y 
the addition of some rennet . 

Cottage cheese Cottage cheese is usually made from skim milk, - 
though whole milk u sometimes used On the farm it is usually pr^ucc 
from naturally soured nulk, while m the factory it is produced from 
pasteurized milk held at about 70* F after pure culture starter has beet 
added In about 10 to 15 hours sufficient acid has formed to completely 
curdle the milk The curd is either cut or broken up and heated from 
100 to 110* F , when the whey is dramed off The curd is then drained 
by suspending it in cheesecloth After it is drained the curd is salte 
and usually cream is thoroughly worked in to improve both the flavor 
and the texture From 1 to 2 per cent of salt and 3 to 5 per cent of 30 per 
cent cream are customarily used 

Cream cheese Cream cheese is made from cream of varying fat con- 
tents The cream is usually homogenized and pasteurized before bemg 
soured by the addition of starter Rennet is also added to assist m c 
coagulation To lower the whey content of cream cheese it is nccess^ 
to dram the coagulated cream in suspended cheesecloth bags This usu y 
requires several days and must be done m a cold room to avoid the de 
velopment of undesirable organisms . 

Ncufchatel cheese Neufchitel cheese is made from skim nulk, who e 
milk, or cream by the same methods used for the making of cream 
The curd is not heated, but is drained in racks Imed with cheeseclo 
Neufchitel cheese is usually packed m small cylmders that will contain 
2 to 5 ounces of cheese 


Ripened Soft Cheeses 

As has been previously noted, Camembert and Limburger are the tvro 
prmcipal npened soft chc«ses produced in Amenca Camembert is npen 
by molds, while Limburger is npened by the action of bactena 

Camembert cheese Camembert cheese was first made in the co 
mumty of Camembert m northern France, from which it is still import® 
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It IS a small disclike cheese about 1 inch thick and 5 inches m diameter, 
with a hard, thin nnd and a soft, creamy interior 

The milk IS coagulated by rennet at about 85® F The curd is not cooked 
but IS dipped mto forms, and pure cultures of Pemcilhum camemberti are 
added 

The most important factor in the production of Camembert cheese is 
curing under the proper conditions A temperature of o2 to 58® F and 
high humidity eire requued for 15 to 20 days At this time the interior of 
the cheese begins to soften The npcning process is continued for 5 to 8 
weeks at a lower temperature 

Limburger cheese Limburger cheese derives its name from the town 
of Limburg, Belgium, \vhere it was first made This cheese is usually 
marketed in bncks of about 2 pounds in weight It possesses a strong odor 
and taste 

Limburger is made from unpasteurized milk coagulated by rennet at 
90 to 96® F No starter is used Without further heating the curd is dipped 
into the molds and drained for 24 hours When it is drained, the cheese is 
salted by rubbing it with dry salt 

After It IS salted the cheese is placed in the ripening cellar at 60 to 64® F 
in a moist atmosphere Curing is eflTected by the bacteria present in the 
milk which break down the casein under the proper curing conditions 
From 2 to 3 months are required to cure Limburger 

Liederkranz and Munster cheese resemble Limburger 

Fnmost Pnmost or whey cheese is made by evaporating the water 
out of the whey by heat until it is of a doughy consistency This is then 
packed in the form of bricks This product consists mainly of milk sugar 
but contains also the milk albumm and all the water soluble materials of 
milk 


ay pRO[}ucTS from chebse making 

Whey IS the only direct by product from the making of cheese From 
80 to 90 pounds of whey are produced per hundred pounds of milk used 
for cheese making Whey from rennet coagulated milk averages from 
6 5 to 7 5 per cent of dry matter, 4 5 to 5 2 per cent of lactose, 0 8 to 0 9 
per cent of protein, 0 3 to 0 5 per cent of fat, and 0 6 to 0 7 per cent of ash 
It also contains all of the riboflavin of the milk 
Whey IS still used mostly for livestock feeding and the production of 
pnmost, both of which have been noted previously \Vhey is also used 
for the production of whey powder, condensed whey, railk sugar, and 
nboflavm or vitamin G In most cheese plants the whey is separated for 
the fat The cream so produced is known as whey cream 
Whey powder is used in candy making and in various baked and other 
products Condensed whey is used for similar purposes Milk sugar is 
'^d extensively as a food and for medical preparations Riboflavin is 
now available as such, prepared from whey A more extended use of whey 
powder can be looked for 
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L CONDENSED AND DRIED MILK 


The coNDE^sl^c; and drying op milk serve too main 
ducmg the bulk and improving the keeping quality For ™ ^ ; j 

as baking, ice cream making, and candy making, a f 

product than fluid milk is highly desirable In these °f 

concentrated milks permits the utilization of much large ^ 

milk solids than would be possible if fluid milk were used Whi'e dnea 
milks and condensed milks arc subject to deterioration with age, y 
much less perishable than fluid milk , . 

The use of concentrated milks has been '^CTeasing considerab 
indications are that further extension of this branch of thej" I^Hncts 
be expected The modern methods of manufacture of these p 
apparently preserve all the food values of the milk that are pr 
pasteurized milk, but the flavor of the finished altered 

constituted products are different from that of fluid milk .u.tacle 
flavor IS one of the large problems m the industry and the one 
to a more generalized use of condensed and dried milks 


CONDENSED MllK 

Definition Condensed milk is the term applied to milk) 
or skimmed, that has had a portion of its water removed Condense 
may be sweetened or unsweetened, or it may be made from skim mi 
whole milk Pticallv 

When condensed milk is not sweetened and put up m either 

sealed cans, it is usually referred to as eoapoTated mtlk It may ^ 
evaporated whole milk or evaporated skim milk ferred 

When condensed unsweetened milk is sold in bulk it is usual y re 
to as plain condensed skim mtlk or plain condensed whole mtlk 

Superheated condensed milk is unsweetened condensed whole or s ^ 
that has been heated to a temperature of 185 to 195® F after con ^ 

As a result it has a more viscous body, this is desirable for many pr 
in which condensed milk is used , 

Either condensed skim milk or whole milk may be sweetene 
addition of 40 per cent of sucrose Such milks are known as 
condensed sktm milk or sweetened condensed whole mtlk j , f senn 

Semisoltd buttermilk is sour buttermilk condensed to a pro uc o 
solid consistency The butternulk to be condensed usually g -gi- 

1 per cent lactic acid, and the finished product contains as hig 
cent acid . __ndensed 

Composition The minimum fat and total solids conterU o ^^dard 
milks IS fixed by federal and several state laws The federa s 
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sets the minimum for evaporated whole rmik to be 7 8 per cent fat and 
25 5 per cent total solids For sweetened condensed whole milk the mmi- 
mum requirements under the Federal standards are not less than 8 per 
cent fat and 28 per cent milk solids Sweetened condensed skim milk 
must contain at least 24 per cent and evaporated skim milk 20 per cent 
of milk solids 

As condensed and evaporated milks arc sold under highly competitive 
conditions, they are usually standardized to the minimum that is required 
by law The amounts of the various ingredients vary accordmg to the 
composition of the milk received The average composition of condensed 
and evaporated milks meets the minimum requirements as follows 



WAter 

Fat 

PreteiD 1 

lactose i 

Ash 

Added 

Sugar 


Per Cent 


PerCatl , 

Per Cent 

Per Cent 

Per Cent 

Evaporated whole 

74^ 


65 

95 1 

IS 

0 

Evaporated slfim 

800 


73 

110 1 

16 

0 

Condensed whole 

32 0 


735 

■lEn 

16 

400 

Condensed skim 

36 0 


87 

1 

19 

400 


These values are calculated on the basis of milk serum of average 
composition, assuming that the mimmum requirements for both fat and 
total mdk solids are just met 

The sugar used in sweetened condensed milk may be either sucrose 
or part glucose and sucrose Other constituents in condensed milk are 
present in the proportion that the milk is condensed The carotene, 
lactoflavin, and vitamins B and D are increased m condensed milk to 
the same extent that proteins, fat, lactose, and ash are The enzymes are 
either destroyed or inactivated 

Plain condensed milk is frequently condensed to varying degrees to 
meet special trade demands Sometimes it is condensed 3^ to 4^^ 1 
Properties of condensed milks In addition to its greater concen- 
tration, condensed milk differs from milk in its ph>sical properues and in 
and flavor All condensed or evaporated milks are much more 
Viscous The sweetened condensed milks are even more viscous because of 
die additional sugar content The superheated condensed milk is still more 
VISCOUS because of the heat coagulation of the proteins 
The fat does not rise in evaporated whole milks because of homogeniza- 
tion, which divides the fat into particles that are too fine to nse The high 
viscosity also helps in preventing the fat from rising Tinned evaporated 
milks arc shaken vigorously after the heat stenlizaiion to break up the 
protein structure, which would otherwise set into a thick gel structure 
The flavor of condensed milk is different from that of the natural milk 
from which it is made This, like all flavors, is difficult to describe, m 
the freshly prepared product it approaches a slightly scorched or cooked 
flavor and vanes to a decided “condensed milk” flavor in the aged 
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product Loss of certain volatile flavoring constituents n *= coudens J 
process, effects of the prolonged heating, and concentration of the vanom 
Llk constituents are causes for the altered flavors in the 
The development of strong flavors with aging is due to ehcmical changes 

^Klwing' qualities While one of the chief advantages of condensed 
and evaporated milks over fluid milk is the better keeping qualities ot 
the former, condensed milks do not keep indefinitely without deterioration 
Properly canned and sterilized condensed and evaporated milks keep 
indefinitely without any bacterial decomposition, but chemical changes 
take place There is a development of metallic flavors, increase in acioit)^ 
darkening in color, and a loss m viscosity The higher the tempera 
in which canned milk is held the more rapidly these changes take place 
Unsweetened bulk condensed milks are subject to the same types o 
decomposition that normal fluid milks are These milks must be kep a 
low temperatures to prevent spoilage 

Sweetened condensed milks in bulk keep fairly well, due to me pr 
serving properties of the sugar However, molds and yeasts and ac e 
will develop to some extent when they are kept at higher temperatures, 


causing deterioration . j 

Condensed buttermilk or sour milk keeps well because of its hign 
content jy . 

Principle of condensing Condensing milk consists of dnving o 
portion of the water it contains This is effected by the interaction of two 
forces — increased temperature and reduced pressure, commonly 
to as vacuum Milk boils at 212 3®F (100 16* C ) at sea level, w 

water boils at 212* F (100* C) As the pressure is reduced or the vacuum 

increased, the point at which a liquid boils is reduced With 
equivalent to 24 inches of mercury, milk will boil at about 140 r 
is found to be the most practical for condensing milk ^ . 

Evaporating water with the aid of vacuum is not more econo 
than by the use of heat alone Slightly more energy is expended m pro 
ducing the vacuum than is saved in heat by the lowered boiling 
Vacuum is used in condensing only because the higher tempera 
required for boiling at higher pressures injure the milk 

Process of condensing To secure the proper temperatures an ^ r^ 
duced pressure conditions of optimum condensing, careful control o 
proper equipment is required , - 

Equipment While the details of the equipment used for con e 
vary, the most commonly used is a vacuum pan constructed of 
some other suitable metal This consists of a cylinder 4 to 8 feet in diam 
and sometimes more than 20 feet in height The lower part of the cy 
IS jacketed and furnished with cods on the inside, both are used for ^ 
by steam A condenser is located in the top part of the cylinder, 

* At sea level the air pressure supports a column of mercury 29 92 to 

A vacuum of 24 inches in mercury means that there is still suffiaent air P 
support 5 92 inches of mercury 




Mtthod The^milL ^ ^ known as the “hot well.” (Fig. 137 ) 

to about 16 ^hm " T° “ heated, muily 

“ drawn into ,h ■ '‘°"=''“- “’■f ‘'raperature varies greatly. The hot mi k 
mto the vacuum pan by the vacuum. When the eoUs are eov^S 
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product Loss of certain volatile flavoring constituents m the condensing 
process, effects of the prolonged heating, and concentration of the various 
milk constituents are causes for the altered flavors m the fresh product 
The development of strong flavors with aging is due to chemical changes 
that take place 

Keeping qualities While one of the chief advantages of condensed 
and evaporated milks over fluid milk is the better keeping qualities of 
the former, condensed milks do not keep indefinitely ivathout deterioration 
Properly canned and sterilized condensed and evaporated milks keep 
indefinitely without any bactenal decomposition, but chemical changes 
tak<» place There is a development of metallic flavors, increase in acidity, 
darkening in color, and a loss in viscosity The higher the temperature 
in which canned milk is held the more rapidly these changes take place 
Unsweetened bulk condensed milks are subject to the same types of 
decomposition that normal fluid milks arc These milks must be kept at 
low temperatures to prevent spoilage 

Sweetened condensed milks in bulk keep fairly well, due to the pre 
serving properties of the sugar However, molds and yeasts and bactena 
iviU develop to some extent when they are kept at higher temperatures, 
causing deterioration 

Condensed buttermilk or sour milk keeps well because of its high acid 
content 

Principle of condensing Condensing milk consists of driving off & 
portion of the water it contains This is effected by the interaction of two 
forces— increased temperature and reduced pressure, commonly referred 
to as vacuum Milk boils at 212 3* F (100 16* C ) at sea level, while 

water boils at 212" F (100* C) As the pressure is reduced or the vacuum 
increased, the point at which a liquid boils is reduced With a vacuum 
equivalent to 24 inches of mercury, milk will boil at about 140* F This 
IS found to be the most practical for condensing milk ^ 

Evaporating water with the aid of vacuum is not more econonucai 
than by the use of heat alone Slightly more energy is expended in pro- 
ducing the vacuum than is saved in heat by the lowered boding point 
Vacuum is used in condensing only because the higher temperatures 
required for boiling at higher pressures injure the mUk 

Process of condensing To secure the proper temperatures and re- 
duced pressure conditions of optimum condensmg, careful control of the 
proper equipment is required 

Equipment While the details of the equipment used for condensing 
vary, the most commonly used is a vacuum pan constructed of copper or 
some other suitable metal This consists of a cylinder 4 to 8 feet in diameter 
and sometimes more than 20 feet m height The lower part of the c> Under 
IS jacketed and furnished with cods on the inside, both are used for heating 
by steam A condenser is located in the top part of the cylmder, this is 

‘ At sea level the air pressure supports a coJiuzui of mercury 29 92 inches m 
A vacuum of 24 inches in mercury mean* that there u still suffiaent air present 
support 5 92 inches of mercury 
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known as the dome. It consbts of a trough into which cold water is 
sprayed and in which the vapors from the boiling milk are condensed and 
drained out of the pan. 

The vacuum is furnished by an appropriate vacuum pump. 

At the base a lank with provisions for heating the milk is connected 
to the vacuum pan by pipe. This is known as the “hot well.” (Fig. 137.) 

^lethod. The milk is run into the “hot well” where it is heated, usually 
to about 160® F.; however, this temperature varies greatly. The hot milk 
ts drawn into the vacuum pan by the vacuum. When the coils are covered 
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w.th milk, the steam ts turned on, as is the cold water in the cento 
The milk is vigorously agitated by the formation of the vapor from the 

"'wwllr^drl™ «. ..me. through a tpccal apP-- 

tus and the degree of concentration is determined by ^ertammg he 
snecific gravity When the milk shows the proper specific gravity, it u 
tShdratra and analyzed chemically If the chemical analysis reveals 
deviation from that desired, it is sundardizcd l,„m„epnized 

Evaporated and condensed milks that are canned are first humogc^™ 
and then the cans am fiUed and sealed The canned imlk is then sterfued 
by heating it with steam under pressure After sterilization the cans are 
shaken vigorously to break up the coagulated proteins 

In making sweetened condensed milks the necessary sugar is a , 

the milk in the hot well Normally from 14 to 20 pounds of sugar is addea 
per 100 pounds of fluid milk 


DRIED MILK 

While commercial production of dried milks or 
comparatively new venture, the art of drying milk is an old 
Polo described the making and use of dried milk by Tartan 
the thirteenth century The milk was first boiled to a paste and then 
spread outdoors to be dried to a powder by the sun Each soldier on ^ 
carried 10 pounds of this powder, which he remade by mixing it i 
water and used for food The modern making of dried milk began in 
small way in this country in 1898 Since that time, the production 
dried milk and milk products has increased at a rapid rate 

While milk has been dried by freezing and the so-called dough pw 
in which milk is first concentrated to a dough by heat, modern nc 
mill: IS produced by one of three general processes — the drum proccs , 
the spray process, and the continuous band or flake film driers 


Processes Used 

The drum process The drum process or film drying system of 
milk was adapted from a similar system for drying gelatin \Vhi ® 
are several different types of drum driers, the chief feature 
all of them is a revolving hollow steel drum heated from the u^i s 
steam A thin film of milk is dried upon the outer surface of l-jj 

scraped off by means of a scraper knife The sheets of dry milk 
ground into a fine powder The drum drying s> stem is the most econo 
means of drying milk, from the standpoint of both investment cos s 
costs of operation Hners 

There are a large number of patented modifications of drum 
all of which can be grouped into three different classes These are 1. 
atmospheric drum drier, (2) the vacuum drum drier, and (3) t ® 
dners In addition to the different types of machines there are 
ferent processes of manufacture These processes may be classme 
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Buffalo Eou&dT7 and Llachute Co 


Fig. 138. An atmospheric drum dryer. 

lows: (1) drying the straight fluid milk, (2) condensing the milk before 
drying, and (3) whipping the condensed milk before drying. 

'The atmospheric drum drier consists of one or two drums operating in 
normal atmospheric pressure. The temperature of course must be high 
to drive off the water, and unless conditions are carefully controlled, the 
dried film may burn. Too thin films of milk on the drum and too high 
steam pressures may be the cause of burning. Too thick a milk film or too 
low steam pressure causes insufficient drying. (Fig. 138.) 

Vacuum drum driers. In order to lower the temperature for driving 
the water off the film of milk on the drum, the whole is encased in an 
airtight compartment, and the air pressure is reduced by vacuum pumps. 
The powder produced by this method is more soluble than that produced 
on the atmospheric pressure drums. 

The spray drum method is really a modification of the vacuum drum 
process in which the milk film is sprayed on the drum. In the other 
methods the milk film is dipped onto the drum. (Fig. 139.) 

Treatment of milk. While the milk may be dried without any treatment 
«cept heating before it comes in contact with the hot revolving drums, 
It may also be concentrated in a vacuum pan before drying. By condensing 
the milk before drying a large portion of the water is expelled, and the 
capacity of the machine is greatly increased. 

^Vhen whole milk and cream arc dried by the drum process, these 
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Uoulh U totp , 

Fg 139 Diagram illustrating the essenhai feotures in drying milk y ® 


spray process 


products should be homogenized before drying Unless this is done, the 
fat will churn or oil off when the dned product is reconstituted 
The spray process There are several different types of spray P 
driers all alike in the essential features The essenti^ features co 
to all spray processes are facilities for spraying the milk in a n > 

a large chamber into which the milk is sprayed, a blast of ot a 
the drying chamber, and facilities for gathenng the dned poiv cr 

The hot air passing up through the fine mist of milk removes ^ j 
and the dry particles fall to the bottom The dned powder is then re 
from the bottom to the chamber either by automatic app la 
‘ shoveled out ’ after operations have stopped method 

The milk is usually condensed before being dried by 
The flake film process The machine used consists of an w 
mesh belt running through a tunnel through which passes a ^ 
air The milk is condensed to a very high concentration of soli ® 

55 per cent), and then is cooled and placed m a thin film upon t e 
wire belt As the milk passes through the tunnel, the hot air remov 
moisture, and the dried product is removed from the belt rfetised 

A product of high solubility is made by whipping the 
product into a fluffy consistency before it is placed upon the be ^ 


Kinds of dried milks First, dned milks or milk products 


made These f rt 


( 1 ) 


nated according to the process by which they are mauc ■*•4 
spray, (2) atmospheric drum dned, (3) vacuum drum dned, an t 


•CONDENSED AND DRIED MILK 


625 


film Next dried milk, and mdk products are classified according to the 
product from ^vhlch they are made, as follows 

Dry ithole milk^ as the term indicates, is made from whole milk with a 
normal fat per cent It is made largely by the spray process 
Dry skim milk is made from skim milk All processes are employed in 
making this product 

Dry buUermilk is made from either sweet cream or ripened cream butter 
milk For ripened cream buttermilk, only the drum process is used, while 
for sweet cream any process may be used 
Dry whey is made only by the spray process 
Dry creamt hkeivise, is made only by the spray process 
Malted milk is made from milk, malt extract of barley, and wheat flour 
It was the first product dried in the United States 
Dried tee cream mix is usually made by the spray process 


Composition of dried milk and milk products The composition of 
dried milk products vanes with the composition of the product used for 
drying According to a ruling by the United States Department of Agn 
cidture, dried whole milk must contain at least 26 per cent of fat and not 
over 5 per cent of water Dned skim milk by the same ruling must not 
contain over 5 per cent of moisture 

Dry whole milk vanes within the following limits protein, 26 to 33 
per cent, fat, 26 to 29 per cent, lactose, 31 to 38 per cent, and ash, 5 6 to 
6 3 per cent Dned skim milk differs from dry whole milk in its lower 
fat content and correspondingly higher values for the other ingredients 
The fat content of skim milk powder vanes from Jess than 1 per cent to 
1 5 per cent, protein, from 34 to 37 per cent, lactose, from 46 to 52 per 
cent, and eish, from 7 8 to 8 2 per cent 
The composition of dry buttermilk differs from that of skim milk m 
Its higher fat content and phospholipid content and slightl> lower values 
for the other ingredients The fat in dry buttermilk vanes from 3 to 7 
per cent Dried sour buttermilk has a lower lactose content than sweet 
buttermilk, with an increase in lactic acid Dry cream is the most variable 
of the dned milk products Its composition is dependent upon the rich- 
ness of the cream dried The protein vanes from 10 to 20 per cent, fat, 
from 50 to 75 per cent, lactose, from 12 to 25 per cent, and ash, from 1 8 
to 4 per cent 

Physical properties of milk powder Milk powder consists of grams of 
vanous sizes, depending upon the process wth which it was made or 
the fineness to ivhich it is ground The spray process powders are the 
finest from the standpoint of the size of particles 

The color of milk powders vanes from a snoivy white to a yellowish 
'vhitc of whole milk poivders with fat of high carotene conient Over- 
heated drum dned poivders sometimes have somewhat of a brown color 
Acid buttermilk powder is also somewhat dark in color 
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H,mic«pic pr«pcrl„s Dry mill mla up moislum from "-u J“ 
forr^i hard lump This property of dry milt is one contributing large y 

to Its deterioration . ei.ohilv 

Tmlr Fresh dried milt has a pleasant suect taste inth “ ^ Sh^ 
cooked naior If dned buttermdk ts made from sour butterm. t, u to 
a sharp aeid taste If it is made from sweet cream buttermilk, it is some 

what flat m taste , , t j ^ <Tn 

Solubthtj The case and completeness with which L 

into solution in water is important Dried milLs vary greatly m ^is 
respect, depending upon the process and methods used 
facture Spray process powders arc nearly 99 per cent soluble, 
drum dned powders arc somewhat less soluble, and atmosphenc 
dried powders may be only a5 to 70 per cent soluble , j f 

Reconstituted dried milk Milk rcconsiiiuicd from milk powder du- 
fers from natural milk in its taste and flavor and in its physical properu 
That reconstituted milk diflcrs so much from natural milk is o"® 
the chief obstacles to a more extensive use of dned milU 
milks do not possess many of the characteristic flavors of natural ^ 
and in addition have acquired the taste of heated rmlk The Mtur 
flavors are probably driven off in the drying process, and the heat app 
in drying is responsible for the heated milk flavor 

In addition to having a taste different from that of natural mil , ' 

consututed milk differs also m other properties \Vhcn it is 
rennet acuon, either a curd is not form^ or it is soft The 
powders when reconstituted arc not coagulated by rennet, and t ® _ 

powders will form soft curd Acid coagulation of reconstituted nui^ 
haves m much the same way as rennet coagulation 

Keeping qualities of dried milk MUk powders arc subject to ce 

rauon with age High moisture and high temperatures are qj ,5 

detcnorations resulting in lowered solubility and a number of oft R' ^ 
These effects arc caused by enzyme and microorganism actions as w 


as by morganic catalysts 

The off flavors are of tv% o distmct kmds those caused by action _ 
solids not fat, and those caused by changes in the fat The fori^r 
are formed m all kmds of milk powder, and the latter are linuted^n ^ 
powders havmg considerable fat The nonfat defects arc desen ^ 
musty or stale flavor and odor The atmosphenc drum-dned pow 
more subject to the development of these flavors than the spray p ^ 
powders The off flavors and odors caused by the fat are ranci 
tallowness Rancidity is due to an enzyme (lipase) present in 
that has not been heated above 170* F Spray process povsders are, 
fore, more subject to this defect than the drum-dned powders t ^ 
IS also necessary for this defect to develop Tallowy flavor, ca 
oxidation of the unsaturated fats, is the most common off flavor m 
milks Light as v\ell as high temperatures speed up oxidation 
Keeping the milk powders in a cold and dry place will 
greatly delay the onset of the undesirable flavors and odors that ev 
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with age Milk powders packed in vacuum cans keep almost indefinitely 
Uses for dried, milk. Dried milks arc used extensively in both foods 
for man and animals For animal foods, drum-dried skim milk and but- 
termilk are used exclusively They arc used directly as a feed for calves 
where the whole milk is sold, or arc mixed m with other feeds for the 
feeding of poultry, swine, calves, dogs, and other ammals For human 
consumption, dried milks are used in ice cream, sausage making, pre- 
pared cake flours, bread, candy, cooking, and special drinks, and to a 
limited extent it is reconstituted and used 
Dried milks constitute one of the cheapest sources of food, and from a 
nutntional standpoint are one of the most complete foods available This 
would mdicate a much more extensive use of these products than is now 
expencnccd Their wide use m the home m the preparation of other foods 
and as reconstituted milk would seem reasonable to expect How far 
the use of dned milks can be extended in this way depends upon a num- 
ber of factors First a satisfactory packaging material must be developed 
that will prevent small packages from spoiling when kept in unfavorable 
places, and after that an extensive educational program will be needed 
to bring to the consumer the merits of the product 



Chapter 54 


ICE CREAM AND OTHER DAIRY 
PRODUCTS 


In addition to the dairy products previously discussed there are a 
number of other products that are made from mdk or that use var>Tng 
quantities of different dairy products Among the more 
these products are ice cream, casein, lactose albumin, lactoflavin, 
fermented milks These products will be considered briefly m the Al- 


lowing pages 


iCE CREAM 

It IS not known when ice cream was first made Sommer believes that 


ice cream, as it is Known loaay, luc a** ^u^hlv 

tunes’ duration Dunng that time ice cream has evolved from prooa y 
a mixture of snow and cream to a great vanety of complex 
made under carefully controlled conditions in elaborately equippe arg 
modern ice cream factones Under a discussion of ice cream is 
included not only the frozen products contaming cream and dairy pr 
ucts, but abo a number of other frozen food products made in ice crea 
plants The physical properties, the composition, the classification, an 
the manufacture of ice cream will be bnefly considered in the followi g 


paragraphs r the 

Composition of ice cream Ice cream is a variable product tro 
standpoint of the amounts of its ingredients All ice crearns, 
possess some characteristics in common Three sets of mgredicnts 
up nearly all of the dry matter of most ice creams These are fat, se 


solids, and sugar In addition to these most ice creams 


contain some 


such stabilizer as gelatin, a flavoring compound, and frequently some 
other solid such as eggs - 

Fal The fat of ice cream vanes from 8 per cent to more than 
cent in special products The various states have laws rcquinng nunim 
r., - fl The fat is secured 


amounts of fat rangmg from 8 per cent to 14 per cent The fat is s 
from cream or reemulsified sweet cream butter 

Serum solids Scrum solids or milk solids not fat refer to the ac > 
protein, and solids other than fat which are present in milk or ^ 
The amounts of serum solids vary from a mmimum of 6 to 7 per 
maximum of 11 to 12 per cent Serum solids are denved from the 
milk and cream used, and also from condensed and dned milks 
Sugar One of the chief characteristics of ice cream is a srveet 
This IS secured by the addition of sugar to form from 10 to 18 
of the mix Sucrose is most commonly used, although glucose m tn 
of corn sugar is sometimes used as a source of part of the sweetness 

Stabilizers In order to stabilize ihc ice cream mix and make a ^ 
product that has body and will stand up better, emulsion stabilizer’ 
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added Gelatin is the most common stabilizer, but various gums such 
as gum arable and patented compounds are also used When gelatin is 
used, from 0 1 to 0 6 per cent is added to the mix In some states the 
amount of gelatin that may be used is limited by law 

Flavoring materials Nearly all tee cream is flavored Vanilla extract, 
chocolate, coffee, and extracts of fruits or crushed fruits are commonly 
used for this purpose Nuts and such extracts as maple, rum, etc , are 
also used 

Other solids Eggs, either natural or dried, are frequently used m 
fancy ice creams and sometimes in the commercial product Eggs give 
added body to ice creams and to a certain extent may replace the sta- 
bilizers Eggs may be added so that their solids male up from 0 1 to 1 0 
per cent of the total mix 

Total solids All the solids, including the fat, are known as total solids 
A good market quality of ice cream contains 39 to 41 per cent of total 
solids Rich ICC creams may contain as much as 45 per cent of total solids 
Homemade ice creams usually contain not more than 37 per cent total 
of solids unless they contain more than 14 0 per cent of fat 
Physical properties of ice cream While ice creams vary greatly m 
composition, they consist of frozen products containing raiJk fat and other 
solids into which air is incorporated Ice cream is, therefore, a double 
emulsion consisting of an emulsion of fat in water into which air is 
emulsified The amount of air incorporated increases the volume of the 
product The amount of increase in volume is called overrun This is 
calculated on the basis of per cent in terms of the volume of the mix 
If the weight of a given volume of the frozen product is only one half 
that of the mix, the volume is doubled and the overrun is 100 per cent 
An overrun of 95 per cent is quite common 
Not all of the tvater in ice cream is frozen in the normally frozen prod- 
uct Because of the sucrose and glucose in solution some of the water 
remains in the liquid state even at much lower temperatures than are 
used for freezing ice cream At the low temperatures required for freez- 
ing, Uvo tendencies for crystal formation are present One is for ice 
crystals to form, and the other is for the sugar to crystallize Either of 
these crystallizations will make an ice cream of undesirable texture High 
scrum solids tend to bmd the water and inhibit either sugar of ice crystal 
formation, irapartmg to the ice cream what is generally known as smooth- 
ness — a highly desirable characteristic 

Classification of ice cream Different authorities classify ice creams m 
different ways According to Sommer ice creams and ices may be divided 
into the following ten groups 


1 Plain vee cream 

2 Fruit ice cream 

3 Nut ice cream 

4 Bisque ice cream 

5 Mousse 


6 Pudding 

7 Custard 

8 Parfait 

9 Ices 

10 Sherbets 
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Plain ice cream is ice cream of normal composition with or without the 
comln flarnng Fruit or nut ice cmams are plain ice crea^ to wMch 
fruits or nuts have been added Bisque ice cream is “ ^ “ 

mix with dried bread crumbs, “grapenuts,” macaroons, marshmallows, 

or sponge cake added 

Mousse IS frozen whipped cream , , . _ on 

Puddings consist of rich ice creams to which arc added egg 
assortment of fruits or nuts Parfait is the same ^ 

fruits and nuts are not used Custards are ‘'omemade produrts 

consisting of milk, eggs, and starch to which are added the sugar, 

“"icL^Iomift of frozen fruit juices Sherbets are ices to which have been 
added milk, skim milk, or some other milk product , 

Making ice cream Ice cream making may be divided into two p 
— preparation of the mix, and freezing 

Preparing the mix In preparing the mix there are four imp 
steps These are calculating the mix, pasteunzing, homogcmzing, 

Knowing the desired composition of the mix and 
the different ingredients entering into the mix, it is possible to 
how much of each ingredient is to be used Simultaneous g 
equations are used m the solution of these problems always 

In the production of commercial ice cream the mix is near y 
pasteunzed to facilitate mixing Pasteurizing is earned out as tor 
Following pasteurization, while the mix is still hot it is passe 
a homogenizer, and then it is cooled to below 40* F *1 

not only reduces the size of the fat particles so that churning ^ 
avoided in the freezing process, but also adds to the viscosity ot e 
After homogemzation the mix is aged before freezing ^ 
complished by letting it stand in a cool place for up to 2 w 
sometimes more Aging brings about an increase in viscosity, t 
sirable as it will secure a good whip and overrun com- 

Homemadc mixes may be made up to the same composition 
mcrcially made mixes but cannot be homogenized nsump* 

Freezing Freezing icc cream to the consistency suited 
tion requires two stages The first is freezing m a machine ivith agi 
and the second is hardening in a special cold room when packe 
Machine freezing may be accomplished by batch freezers or con 
freezers The cold for freezing may come from salted ice use i^^ 
home freezer, or from cold bnne or direct expansion of ammonia 
freezers used in commercial plants (Fig 140) . _ j^alf 

In the batch freezers the freezing chamber is filled to less t 
Its total capacity to allow for expansion due to the incorporation ^ 
during freezing The inside dasher or agitator is set in motion, 
cold IS turned on When the mix has become thickened due to 
the cold IS turned otl, but the agitation is continued to incorpor 
required amount of air This point is determined b> frequent tests 
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Cherry Bwell Corp. 

140. A battery of Ice cream freezers. The fv/o in the foreground ore of 
the continuous type, while the one being drained is a botch freezer. 


the proper overrun has been secured, the frozen semi-solid mix is drained 
and packed, and is then set in a hardening room where it is held at below 
O^F. 

For freezing by the hand freezers the container should never be more 
than half full in order to allow for expansion \viih the incorporation of 
air. Finely chopped ice mixed ivith coarse salt at the rate of 6 pounds to 1 
pound of salt should be packed around the freezer to the top. The dasher 
should be turned slowly until the mix is seraisolid in consistency; then 
the turning should be rapid to incorporate air. Usually the freezer should 
be repacked %vith salt and ice and allowed to set for 30 minutes to 1 
hour for the mix to harden. 

The continuous freezer freezes a small stream of ice cream mix into 
which air is pumped as it passes by in the cold chamber. 

Packaging ice cream. Ice cream is packaged in a variety of ways. Most 
ice cream, ho^seve^, is either packaged in bulk or in bricks. An increasing 
amount is put up in fancy forms, such as highly decorated cakes or 
pics, or in individual forms in shapes of fruits, animals, and other ob- 
jects. 

Bulk ice cream is packaged in 1, 2, 3, 5, and 10 gallon cans from which 
It is dipped when used. The frozen nux is run into these cans directly 
from the freezer, and is hardened in them in the hardening room. 

Brick, ice cream is drawn from the freezer into long narroiv metal 
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trays m svhich it is hardened After it is hardened, the froKn ire crea 
,s removed from the tray and cut into the brick size, usually <="= V 
Enck ice cream may be of different eolored layers, or it may have a 
Intr Teslgn The lasers are secured by partly Whng the “e 

kind of ice cream and following unlh layers of different kmds Je d““rcd 
form IS secured by placing a previously hard frozen form of the desire 
kind in the semi solid mix as it is drawn from the freezer __oHuce 

Pies, cakes, and large forms of ice 
them The center ice cream base is usuaUy h^dened m an ®PP P 
form The decorative work is done by hand Individual forms 
by hardemng the ice cream in molds of the proper shape 

CASEIN 

Casein is used m commerce for a number of different 
objects resembling marble or ivory, such as butt^, com s, 
articles, are made from rennet coagulated casein Casein is 
tensively in the making of waterproof glues, paper sizing, sprea » 
adhesives for paints and insecticides, and for various other ^ . 

18 prepared by three different general methods rennet co guJ » 
added acid coagulation, and natural lactic acid fermentation 

Rennet coagulated casein is coagulated by rennet , -/.nnet 

way that cheese is produced The product, while generally c 
casein, is really cicium paracaseinate The ,*u^%yftHucts 

several times in cold water to get nd of as much of ® u 

of the milk as possible, and are then pressed and dried e ^ 
effected by setting the shallow trays in which the curds are p a 
tunnel through which is blown a blast of warm air , _ ii. and 

Natural acid casein is produced by adding starter to skim 
settmg It at 70 to 75* F until the acid develops to form a firm cur ^ 
curd IS cut, and the curd and whey are then heated to • tunes 

toughen it The whey is drained off, and the curd is washed or 
in cold water After the excess water is squeezed out, the cur 


in timnels with warm blasts of air hlonc or 

The artificially coagulated curd is formed with cither hy ^ they 
sulphuric acids Great care must be exercised in adding these aci ^ 
must not be added too rapidly, nor in too great amounts 1 t e . ^ 
added too rapidly curd particles arc suddenly formed that cnc o 
milk mgredients If too much acid is added the casein is P®P^^ . 
much of It is lost In acid coagulation the milk should be 
quently for the />H A /iH of 4 6 at 70* F furnishes the bwt co 
for coagulation Hydrochloric acid is usually is 

sulphuric acid for coagulation The best method of usmg these 
to spray them into the milk while it is agitated tjoundi 

From 2 5 to 3 4 pounds of dry casein may be produced from lU 1^ 
of skim milk The yield is dependent upon the casein content ot m 
and the efficiency in making details m 

Quality in casein is secured by rigorous adherence to all me 
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the making process Incorporation of fat, albumin, or other milk in- 
gredients makes a casein of inferior quality for most uses Incomplete 
washing has somewhat the same effect Application of high heat either 
to the curd in the whey or in the drying process lowers the quality of the 
casein 


LACTOSE 

Lactose, used m medicinal and food products, is made pnmanly from 
whey The fat and bits of remaining casein are removed by centrifuging 
The whey is then acidified with acetic acid and boiled to coagulate the 
albumin, which is filtered off The phosphates are removed with lime, 
and the excess hme is removed with CO 2 The whey is then concentrated 
to 65 per cent solids and the rmlk sugar crystalli 2 ed by cooling with cold 
water The crystallized sugar is removed by centrifuging in regular sugar 
centrifuges It is first washed with cold water, and is then clarified This 
IS done by dissolving it in water to which bone black is added, and filter- 
ing the solution The syrup is then condensed, and the sugar is recrys- 
tallized, centrifuged again, and dried and ground 

FERMENTED MILKS 

Probably one of the oldest milk products used by man was naturally 
fermented milk or the curd from fermented milk Fermented milks of 
various types are still used all over the world They are consumed because 
the sour flavor is pleasing to many and for their therapeutic value in 
changing the bacterial flora of the digestive tract A discussion of the more 
important fermented milks follows 

Cultured buttermilk This product is made from skira milk ripened 
from fresh milk by butter starter The starter contains two organisms, 
Slreptococcus laciis and Streptococcus citrovorus Whole TT«lk or partly skimmed 
milk is also used 

Bulgarian buttermilk Bulgarian buttermilk is made from fresh skim 
milk, partly skimmed milk, or whole milk by the use of a special starter 
The starter contains Lactobacillus bulgartcus 

Acidophilus milk The bacterium, Lactobacillus acidophilus^ when 
properly cultured in fresh milk produces a product that is relatively high 
m acid content The use of this milk is frequently advised by physicians 
as a therapeutic agent m control of certam intestinal disturbances By 
using acidophilus milk the acidophilus bacteria come to dominate the 
intestinal flora and suppress putrefactive types The makmg of acidophilus 
milk requires special skill Only a few laboratories with well trained men 
and proper equipment are able to make this product on a commercial 
scale 

Kumiss This is an acid alcoholic milk beverage used pnncipaliy m 
Russia and Asia It is produced by the action of both bacteria and yeast 
The bacteria produce lactic acid, and the yeast produces alcohol 
Kefir Kefir re^mbles Kumiss m that both lactic acid and alcohol arc 
produced and that it is used m the same general territory It differs from 
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Kumiss in that the culture is transferred by what is known as “Kefir 
grams ” These grams consist of adhered masses of small beadlikc bodies 
which contain both the yeast and the acid producing bacteria 

Yoghurt. This is a sour milk which is practically free from alcohol, 
and which is formed through fermentation mainly by bactena belonging 
to the group Lactobacillus bulgancus Yoghurt originated in the Balkans 
and IS used extensively by the people living there In the Balkans Yoghurt 
IS frequently boiled down and is eaten as a semisolid food 

Lange-melk. Lange-mclk typifies several fermented milks used in 
the Scandinavian countries This milk is fermented by an acid producing 
organism and an organism that produces a ropy condition 

Sour cream. Sour cream or cultured cream is a cream soured, usually 
with butter culture, so as to produce a clean acid flavor and a heavy con- 
sistency The fat content vanes from 1 8 to 22 per cent For the best prod- 
uct the cream is first pastcunzed, then homogemzcd, cooled to 70“ F , 
and starter added to bring the acidity up to 0 6 per cent in about 12 hours 
After the proper acidity is developed the cream is cooled to below 40“ F 
and held for 12 to 24 hours 

Sour cream finds a good demand among some peoples, especially Jews 
and Slavs It is used as a spread for bread and as a base for sala^ and 
other dishes 

Sour cream may be produced by merely letimg good clean cream set 
at about 70“ F untd the desired acidity develops TTie resulting product 
IS not as smooth nor as clean in flavor as the product produced as stated 
above 
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TABLE 1 

Daily MAINTENA^CE Requirements op Dairy Cows * 


Weight 

Digestible 
Crude Proteta 

Tout Digestible 
Nutnents 

fjllTIWW 

Phosphorus 

Fatutds 

Pwnit 

Paumdt 

Grams 

Grams 

800 

51 

560 

16.00 

soo 

850 


5 95 

17 00 

850 

900 

57 

<L30 

18 00 

9.00 

950 

50 

6.65 

19 00 

950 

1,000 

63 

700 

20 00 

1000 

1,050 

66 

735 

21 00 

10 50 

1,100 

69 

7 70 

22 00 

1100 

1,150 

72 

305 

23 00 

1150 

1,200 

76 

840 

24.00 

12 00 

1,250 

79 

8 75 

2500 

12 50 

1,300 

82 

910 

26 00 

13 00 

1,350 

85 

9 45 

2700 

13 50 

1,400 

83 

980 

28 00 

14 00 

1,450 

91 

1015 

29 00 

14 50 

1,500 

95 

10 50 

30 00 

1500 


The digestible protein and total digestible nutnent requirements for 
varying amounts of milk of different fat contents are given in Table II 
The calcium and phosphorus requirements for milk are given in Table III 
The digestible protein, total digestible nutrient, calcium and phosphorus 
paten ts of common feeds are given m Table IV 
* Gulucxsok AND Fitch ^^lIm Expt Sta.Bul tl8 1938 
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TABLE n 

Ndteienis Requbed ioe Peodccing llttic IB Aedihok to Amoosi 
requibed for Maintenance 

Note Use the neatest percentage of fat given 
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TABLE in 

Approximate Amounts op Calchjjx and Phosphorus That 
Should Be Provided por Milk Production^ 


MOk 

Calaum 

Piiospliorus 

Pobmlr 

Cratns 

Grams 

1 

85 

0 70 

5 

425 

350 

10 

850 

700 

15 

12 75 

10 50 

20 

1700 

14 00 

25 

21 25 

1 17 50 

30 

1 25 50 

' 21 00 

35 

1 29 75 

24 50 

40 

34 00 

1 28 00 

45 

38 25 

1 3150 

50 

42 50 

1 35 00 

60 

5100 

1 4200 


The maintenance requirements for calcium and phosphorus for varying 
weights of cows are given in Table I The average phosphorus and calcium 
contents of various feeds are given in Table IV There is no evidence that 
large excesses of calcium and phosphorus are injurious to dairy cattJe al- 
though the sum of the requirements for milk production and maintenance 
are entirely adequate When milking cows are fed relatively small amounts 
of low calcium roughages, such as timothy hay and large amounts of con- 
centrates, the calcium content of the ration is apt to be inadequate 
Ibid 
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Table IV 

Average Amounts of Digestible Ncttrients an-d CAicruir ant) 
Pbosphoros in lOQ Pounds of Common Ffeds* 



isai 

iPia 

Calaua 

Phospbona 

Cencentraks 

■Bailey 

Cocoaat oil meal 

Com, dent 

Com and cob meal 

Com gluten feed 

Com gluten neal 

Coltoueed meal (41% proleui) 

Cottons^ meal (40% protein) 

Cottonseed meal (below 36% protein) 

Distillers grams from com 

Distillers grams bom ryt 

Dned beet pulp 

Dried 'beet pulp with zoolassea 

Dried brewers' grams 

Dned «lnm milt 

Fetenta 

Flaxseed 

Hommr feed 

Eatir 

Lmsecd od meal (3Sd% protein) 

Malt spreuta 

MotaiM Oieet) 

Molasiei (<aoe) 

Oats 

Beanul oil meal (4S% proieia) 

Sojtbeaiu (ctound) 
oil meal 

Bheatbraa 

Viheat 

£>rui Jbxgiegei 

Alfalfa hsf (pteblooa) 

Alfalfa bay earl/ cut 

Alfalfa bay rr.tAn.rK 

AUaUa bay late cut 

Clover al^e 

Clover red 

Cbwpea bay 

Com fodder 

Com stover 

Ea^ fodder 

Lerpedeza bar 

MiQ^hay 

Miied hay {yi clover yi tunothy) 

^tbay 

Ottstnw 

Pea bay 

Frame bay 

Rjed top bay 

Reed cariary grass hay 

Soybean hay 

Sudan grass bay 

Sweet dovei bay 

Timothy bay 

Vetch hay 

Hheat straw 

-Swcnleei Fredi and iftjce!Za»ee«r 

Alfalfa stage (average water) 

Cera sDage 

SunSowcr adage 

Com cannery edage 

Pea cannery adage 

Potatoes 

BeeU 

blangcls 

RuUnaM 

Skim nulb 

VVbtde sulk 

(himerals onW) 

Lunestoae (Minerals ontr) 

FmfJt 

97 

ISJ 

71 

At 

ns 

17 7 

17 6 

11$ 

261 

219 

120 

$1 

69 

2tB 

116 

99 

206 

7$ 

92 

12$ 

209 

29 

11 

ia2 

41B 

91 

317 

17 » 
t% 

129 

Mi 

148 

lU 

104 

9A 

79 

74 

111 

37 

11 

100 

4-$ 

SI 

47 

10 

lai 

28 

48 

4A 

79 

37 

109 

29 

9l 

a7 

4B 

u 

IJO 

1) 

28 

ll 

13 

10 

to 

14 

14 

771 

824 

81$ 

781 

780 

80$ 

m 

73 6 

656 

84$ 

644 

73 7 

727 

668 

8$.2 

792 

102 8 

817 

8it0 

7$ 1 

708 

$8.7 

SS.9 

694 

824 

819 

92-3 

821 

794 

67.6 

78.4 

$14 

$14 

514 

487 

471 

49A 

49 8 

481 

364 

46.1 

513 

490 

491 

455 

456 

522 

48.3 

54 1 

52.1 

SOB 

514 

507 

4SB 

52 4 

364 

160 

168 

117 

178 

IS 3 

171 

114 

64 

94 

87 

164 

2L8 

44 

39B 

mTo 

24T4 

128 4 
5614 

1152 

93 4 

23 0 
4CD9 

408 

7U 

91 0 
107B 

166 

424 

399 

720 0 

715 3 
586.9 
4281 

360 0 

541 6 

97B 

654 

3^ 

1619 

2134 

43^ 

54^9 

136.7 

1064 

sTo 

163 7 

325 

39 0 
634 
549 

13 1050 

18 144J3 

*1444 

107 8 

3^ 

1894 

51U 

424 

277 

235 4 

4277 

2971 

3484 

266.7 

94 

289 

1344 

1944 

2714 

2824 

159 8 

5714 

36S4 

854 

86.7 

921 

102.1 

970 

814 

654 

404 

764 

334 

1154 

934 

654 

404 

300 

194 

1*74 

214 

544 

454 

59674 


* Data taken from Mmo. Agr Expt Sta. BuL 218 and vanous EapenmeOt Siatxoo 
publications For feeds not listed in this table sec Klomson, Fteds om Ftedt’’S 
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TABI£ V 

Constants for Evaluating Feeds The Constants by Which 
THE Prices of Cottonseed Meal (43% Protein) and Corn, 
Respectively, iluST Be Multiplied and tttp. Products Added 
(or Subtracted v?hen Preceded by a ~ sign) to Give t itp. 
Values of Couuon Febds 

CONCENTRATES 


B*rle7 

EocOQut oD nieil 
Corn uid cob taeal 
^ni slu(en feed 
Oira glniea in»l 

^tConseed feed fbeloir 36^^ protein) 

D stuers grains from corn 

D stillus grains from rye 

Dned beet pulp 

Dned Pobases 

Felenu 

FUzseed 

Honjing feed 

Kafir 

{■jnjeed o I meal (35 i% protein) 

MUt sprouts 

Motastts cane 

Oats 

Rye 

Soybeans 

S‘J«*tbian 
nnest raiH/Ump 


1)3) 

134 

25# 

M 


J70 

-sor 

.945 


811 

719 

94fi 


^tl(a preWoom 
f* ear^ cut 

AltaUa ni Pifmm 

AUslftUte^ 

Clover aluke 
^ver red 
wwpea hay 
Cent toddu 
Cora stover 
Itxider 

535*“ 

Allied hay 
Oal^y ^ 

Oat straw 
Pea hay 
Pi*«ehay 
Red top hsy 

canary grass hay 
wj bean hay 
Sudan r*** i^y 
^t clover hay 
Taaothy bay 
Vetch hay 
nneat straw 


SILAGES ETC 


^alfasU^ 
^rnsdage 
sunflower silage 

Pea cannerysiUge 

C^^ery silage 

^ts 
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Table vn 


Butteefat Feed Price Ratios, United States by Months* 


1918 

January 

February 

March 

Apnl 

May 

June 

July 

August 

September 

October 

No\ember 

December 


10 8 
18 3 
16 0 

15 4 

16 0 
161 
16 6 
17 0 
199 
22 0 
23 9 
25 7 


12 Month 
Moving 
Total 


206 3 

207 9 
2110 
215 2 
220 3 
226 7 
228 7 
230 4 
2361 
242 7 
2465 
248 5 


24 Month 
Moving 
Total 


12 Month 
Moving 
A\ erage 
Centered 


410 9 
414 2 
418 9 
426 2 
435 5 
447 0 
455 4 
4591 
466 5 
478 8 
489 2 
495 0 


171 

173 

175 

17 8 
181 

18 6 
19 0 
191 

19 4 
200 
204 

20 6 


Aetna] 
12 ilonth 

Moving 

Average 


115 8 
105 8 
914 

86 5 
884 
86 6 

87 4 
89 0 

102 6 
1100 
1172 
124 8 


1919 

January 

February 

ilarch 

April 

ilay 

June 

July 

August 

September 

October 

November 

December 


1920 

January 

February 

March 

April 

May 

June 

Julj 

August 

^ptember 

Detober 

November 

December 



218 
20 0 

21 7 

22 0 
198 
181 

17 7 

18 1 
19 2 
22 7 
24 9 
24 3 


22 4 
210 
20 7 
20 3 
171 
162 
16 9 
18 7 
22 5 
26 6 
31 2 
29 9 


31 0 
29 1 
31 6 
31 0 
22 5 

20 s 

24 1 
28 8 


249 6 

250 7 
2500 

250 7 

251 7 
2503 
2509 
2519 
2509 
249 2 
246 5 
244 6 


4981 
500 3 
5007 

500 7 
502 4 
502 0 

501 2 

502 8 
502 8 
5001 
495 7 
491 1 


243 8 

244 4 
247 7 
2516 
2579 
263 5 
272 1 
2S0 2 
291 1 
3018 
307 2 
311 8 


488 4 
488 2 
4921 
499 3 
5095 
521 4 
535 6 
552 3 
5713 
592 9 
609 0 
619 0 


20 8 
20 8 
20 9 
20 9 

209 
20 9 

20 9 

210 

21 0 
20 8 
20 7 
20 5 


20 4 
20^ 

20 5 
20 8 
212 

21 7 

22 3 
230 
238 

24 7 

25 4 
25 8 


3190 
3291 
335 8 
342 8 
34 6 0 
349 I 
345 0 
341 7 


6308 
6tS 1 
6619 
678 6 
688 5 
695 1 
694 1 
6867 


26 3 

27 0 

27 7 

28 3 

28 7 

29 0 
289 
286 


104 8 
96 2 
103 8 
1053 
94 7 
866 
847 
86 2 
914 
1091 
120 3 
118 5 


109 8 
103 4 
101 0 
97 6 
807 

74 7 

75 8 
813 
945 

107 7 
122 8 
I1S9 


1179 
107 8 
114 1 
109 ^ 
78 4 
71 7 
834 
100 7 


TaiU f^Umuci c» nut 


allovrance for dairy producuon pa>’incnts, October 1, 1943 through 
1946 Source t " • t . . -r-. », . 


e IS the Rcsearui and Anal>sis Division, Dairy Branch, PhlA. 
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BurTEBTAT Feed Peice Ratios, United States, by IIonths 
(Cmbswi) 
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Butterpat Feed Price Ratios, United States, by Months 

ICmltnaeS) 



TaiU auitnptd ikz/ As|«. 
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Butteei-at Feed Price Ratios, United States, by Months 

ICoHltmued) 



TdUf ctnUmutJ #■ ntxi pat*. 
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Buttertat Feed Price Ratios, United States, by Months 
(CMA flMi) 
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BraTEETAT Feed Peice Raitos, United States, be Months 



T^in CMiiitW Ml mtal 
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questions 


Chapter 1 

I When were dairy products probably first used’ For what purposes’ 
Name some of the sources of information about early dairyinij in 
Mesopotamia, Egypt, India, Switzerland 
ow do some of the ancient dairy practices compare with modem 
practices^ 


^ Contrast dairymg m old Rome and old Greece 
or what was butter used in early times^ 

7 urn™*’' dairying m Europe at the beginnmg of the Christian era 
Vhere was butter first used extensively^ 

When did the mcreased use of butter begm’ What was the cause’ 

10 dairying at the beginning of the nmeteenth century 

11 changes have talen place m dairy practices since 1900’ 
What are the 9 chief factors responsible for the major changes that 
have taken place’ 

12 In what ways have each of the 9 factors affected dairying’ 


Chapter 2 

^ Why docs a farmer have greater confidence that he is making a safe 
investment when he builds and equips a dairy barn than when he 
iiilds a packmg shed for apples, or a house for raising broiler chick- 
ens^ 

2 If the price received for milk declines for a year or two, what is the 
2 probable explanation^ 

A business cycle consists of four stages (1) revival, (2) boom, (3) 
^cession, (4) depression During which of these stages does the farmer 
^ nnd dairying most satisfactory from a price standpoint^ Why^ 

n what part of the United States would you expect to find the lowest 
2 ^veragc milk production per cow^ Why^ 

*hy can we regard the opportunities for obtaining higher production 
g ^niilk per cow from genetic improvement favorable in the future? 

It pay an ordinary dairy farmer who depends upon his milk 
checks for an income to feed a cow for a production record that 
^ exceeds 20,000 pounds a year^ 

by do we find dairy cows holding an important place in agnculture 
in every part of our country^ 
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8 Name the five leadmg milk produemg states 

9 What state has the third largest number of cows but ranks only tenth 
in milk production^ How can you acMunt for this^ 

10 Why IS dairymg considered a good side Ime enterprise for fruit 
growers, gram farmers or hog raisers^ 

11 Under what conditions and m what parts of the country are ive most 
likely to find dairying the mam enterprise of the farm’ 

12 About what proportion of the farm income in the United States is 
derived from dairying’ What state gets 60 per cent of its agncultural 
mcome from dairying’ 

13 Describe the characteristic seasonal change in milk production Where 
would you expect to find the least seasonal variation in production’ 
Why’ 

14 Account for the tendency for higher milk production costs m the 
North Atlantic states than in the North Central states 

15 List several reasons for the improved quality of m i l k that makes it a 
safe food for consumers 

Chapter 3 

1 List the ways that farmers dispose of their milk Indicate the factors 
a farmer takes into account when he decides what to do with his milk 

2 Who decides what is to be done with the 80 per cent of the milk which 
is delivered to market by farmers’ What factors influence these 
decisions’ 

3 Arrange the foUowmg uses for milk m the order of their importance 
(1) consumed as milk or cream, (2) used for making cheese, (3) used 
for making evaporated milk, (4) used for making creamery butter, 
(6) fed to calves 

4 What IS the prmcipal distinction between the chief products and the 
by products made from milk? 

5 How do you account for the relative unimportance of our foreign trade 
in dairy products’ 

6 How many pounds of milk arc needed on the average to make a poun 
of butter’ A pound of Cheddar cheese’ A pound of evaporated nulk 

7 About how much milk does the average person in the Umted States 
consume m a year in the form of fluid milk and cream’ In all forms 

8 Is fluid consumption of milk and cream taking more or less of our 
total milk production than it did ten years ago’ Is butter taking more 
or less than ten years ago’ 

9 Is butter consumption higher among low mcome families or hig 
mcome families’ Is it higher m good tunes or bad tunes from 
standpomt of business conditions’ 

10 How do you account for the higher per capita consumption of cheese 
that has developed over the last 20 years’ 
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11 

12 


Explain why evaporated mdk tends to have a higher consumption 

in me bouth and among low-income families 

How many products can you name that use mUk as a raw material’ 


Chapter 4 

1 What IS a market milkshed^ What determines its size^ 

2 What IS meant by surplus milk^ 

3 TOy IS market-milk production subjected to city milk ordinances and 
other sanitary regulations? Why arc they frequently classified as trade 
barriers? 

4 Where and under what conditions do we find rail transportation used 
to get fluid milk to market? 

3 What functions do country milk stations serve? 

6 Explain why a producer distributor has a more complicated mar- 
keting problem than a farmer who sells his milk through a co operative 
bargaining association 

Why do farmers form co operative agencies to handle their mUk- 
marketing problems? 

8 Differentiate between the prmcipal types of co-operative milk-mar- 
ketmg associations 

^ Cite the problems confronted by a milk-raarketing co operative 
in when it attempts to devise an equitable payment plan 

What factors does a dealer have to take into consideration when he 
determines the flat price that he will pay for milk? 

Why does a farmer object when market milk dealers buy his milk 

12 ^ certain seasons of the year? 

How do you account for the fact that the farmer usually receives less 
than 50 per cent of the price of a quart of milk that is delivered to the 

13 ^ consumer? 

^^bat is meant by a class-price system of milk payment? 

15 ^ ^ market wide price pool operated? 

Outline the base rating system of milk payment as it was ongmally 
planned Point out some of the deviations from this onginal plan that 
j have been made 

Trace the milk from the farm to the consumer in the form of market 
jy milk, taking at least five different courses that are used today 

What is the alternative to price competition that the milk dealers on 
most markets take? 

Identify three distinct groups who have different economic interests 
but who are all concerned with the marketing of milk 
20 ^ price differential on the retail price of market milk justified? 

Why IS the farmer “squeezed” the barest when the pnee of milk 
slumps? 
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Chapter 5 

1 What inventions made the rapid development of creamery butter 
making possible’ 

2 In what part of the United States is most of the creamery butter made’ 

3 Give the advantages and disadvantages of local and centralizer 
creameries 

4 How do > ou account for the large number of coKipcrativ c creameries’ 
How do they differ from other creameries’ 

5 Most creameries report an overrun of more than 22 per cent Can you 
explain how this is possible’ 

6 A group of creamery patrons arc dtssausBcd with the butterfat prices 
they are receivmg ^Vhal could they do to better these prices’ 

7 When a chain store buys butter from a creamery and sells the butter 
through Its own organization what market functions docs it perform’ 

8 How do the large packing companies, such as Svvift’s and Armour's, 
obtain the butter they sell’ How do they distribute it’ 

9 What services docs a co-operative butter marketing associauon have 
to offer a creamery’ 

10 If a butter dealer buys butter at 28 cents a pound in May and sells it 
for 30 cents a pound in January does he make a net profit of two 
cents a pound’ 

11 IVhy IS the butter price often called the basic price for the dairy 
industry’ 

12 Where are the principal butter exchanges located’ How does a market 
reponcr ascertam the pace of butter’ 

Chapter 6 

1 Describe the general location of the cheese industry How is it 
changmg’ 

2 What has caused the general trend toward larger cheese (actones. 

3 If you wanted to be a cheese maker would you hire out as an ap- 
prentice m a cheese factory or would you go to a dairy school’ 

4 How IS cheese marketed by the factories’ 

5 What marketmg advantages do cheese lactones m Wisconsin have. 

6 How has the introduction of process cheeses influenced the merchan- 
dising of cheese’ 

7 Why does packaged process cheese answer the needs of the modem 
housewife better than natural cheese’ 

Chapter 7 

1 For what purposes are concentrated milk products made’ 

2 Explam the difierence between condensed and evaporated milks. 

3 IVisconsm is the outstanding state m the production of both cheese 
and evaporated milk How do you explain this’ 
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! VVhat IS the relationship betiveen otvnership and the size of plants m 
the evaporated milk industry’ 

Where would an evaporated milk plant best fit into the picture of 
milk production zones’ Why’ 

Why do milk evaporators pay more for their mUk than whole milk 
creameries^ 


7 Why was the production of evaporated milk and cheese expanded 
greatly during the war^ 


Chapter 8 

1 If you wanted to establish an ice cream plant, where would you try to 
locate It in relation to a town^ 

2 In what respects does the ice cream industry tend to stabilize the pnce 
or milk in the market milksheds^ 

3 IVhat are the principal changes that have taken place m ice cream 
merchandising’ 

“t Although the production of ice cream is highly seasonal, the seasonal 
g’lcc changes are not great How do you account for this^ 

3 How does an ice cream dealer attempt to escape the high maintenance 
costs which he encounters when his plant is operatmg below normal 
capacity’ 

^ What are the reasons for large fluctuations m the production of ice 
cream’ 


Chapter 9 

List as many processes as you can think of that are used to convert 
milk into less perishable products 

What are the principal differences between the dried milk used for 
^ human consumption and that used for animal feeding’ 

Why do not city milk dealers operate dry milk plants along with their 
^ regular processing plants’ 

What are the principal outlets for skim milk’ Rank them according to 
^ *heir importance 

g Of what value is skim milk and buttermilk m animal feedmg’ 

ow do you explain the fact that so much skim milk, buttermilk and 
^ Whey are thrown away’ 

Why may we expect laiger quantities of nonfat dry milk solids to be 

8 *Le market than was available prior to the last \var’ 

9 condensed skim milk products find their greatest use’ 
ame five industrial products in which casern is used as a raw 

material 

What milk by-product played an important part m the production of 
penicillin’ 
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Chapter 10 

1 How IS intonnation about the origin and early development of catUe 
obtained^ 

2 Desenbe the family Bovida 

3 Describe the subgcnera of genus Bos 

4 From what subgenus of Bos arc domesticated cattle descended’ 

5 Into what divisions and subdivisions is the subgenus taurine divided’ 

6 When were cattle probably first domesticated’ 

7 What 13 the probable origm of breeds’ 

8 Classify the modem breeds of cattle according to ongm 

9 Classify the breeds according to use 

10 Classify cattle according to the degree of punty 

Chapter 11 

1 Discuss the size, color, and type of Holstein 

2 How do Holstems rank for disposition, maturity, and reproduction’ 

3 IVhat are the chief characteristics of Holstein milk’ 

4 How do Hobtems rank for meat and veal production’ 

5 Desenbe the conditions of keeping cattle m Holland 

6 How has environment influenced the characteristics of the breed’ 

7 In what countnes and regions are Holstems roost numerous’ 

8 Discuss farnilics m the Holstein breed 

9 How are the records of purebred Hobtems kept’ 

10 Desenbe the Advanced Registry system 

11 Desenbe the Herd Classification system 

12 How does type correlate with production’ 

Chapter 12 

1 Describe the size, color, and type of Jerseys 

2 How do Jerseys rank for nervous temperament, grazing ability, and 
reproduction’ 

3 How do Jerseys rankfor age when mature’ Meat and veal production’ 

4 What are the chief charactenstics of Jersey milk’ 

5 For what is Jersey milk best adapted’ 

6 Describe the conditions of keeping cattle on the Island of Jersey 

7 How have the early environmental factors influenced the character of 
the Jersey’ 

8 Discuss the importations of Jerseys to the United States 

9 What functions do the American Jersey Cattle Club perform’ 

10 Desenbe the system of testing sponsored by the American Jersey Cattle 
Club 

1 1 What awards may Jersey catde win’ 

12 Desenbe Herd Classification 
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13. VVhat is the relation between production and 
Classification records? 


type as revealed by Herd 


Chapter 13 

1. DKcribe the color, size, and general type of Guernseys, 
z. Discuss the adaptability of the Guernsey. 

^ “ maturity? Reproduction? For meat and 

4. What arc the outstanding characteristics of Guernsey milk? 

5. For what is Guernsey milk especially adapted? 

6. VVhere did the Guernsey originate? From what stock? 

• When did importation of Guernseys begin? 

8. What states have the most Guernseys? 

9. Discuss the popularity of the Guernseys. 

10. What services does the American Guernsey Cattle Club perform? 

. How does the Guernsey Cattle Club designate the type of record? 

• What different kinds of records arc accepted for the Guernsey Ad- 
vanced Register? 

13. How does the Guernsey Herd classification scheme difler from the 
Jersey system? 

Chapter 14 

1* Describe the size and general type oi the Ayrshire. 

• Ho^v do Ayrshires rank in disposition and as grazers? 

3* At what age do Ayrshires mature? 

4. How do Ayrshires rank for meat and veal production? 

5. Describe Ayrshire milk. For what is it especially adapted? 

6. From ivhat stock did the Ayrshire probably originate? 

• Describe the condition under which the Ayrshire was developed. 

• How did this influence the characteristics of the Ayrshire? 

■ are Ayrshires most numerous? 

• What services does the American Ayrshire Breeders Association 
render? 

12 ' types of records may Ayrshire breeders make? 

13* testing does the Ayrslure Association stress? 

• How do Official Test records of the Ayrshires compare ivith those of 
other breeds? 

Chapter 15 

2 * ^oscribe the general type of the Brown Swiss. 

2 ' ^^eribe the disposition of the Brown Swiss. 

• How do the Brown Swiss rank for age of maturity? As reproducers? 

^ For veal and meat? 

• Give the chief characteristics of Broivn Swiss milk and its special 
adaptations. 
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5 Where, when, and from what stock did the Brown Swiss originate? 

6 Describe the conditions m the native home of the Brown Swiss and 
the influences of these conditions upon the development of the catde 

7 How many have been imported’ 

8 How do the Brown Swiss rank as high producers’ 

9 Desenbe the testing and herd classification systems 

Chapter 16 

1 How are Milking Shorthorns diflercntiated from beef Shorthorns’ 

2 Describe the dairy characteristics and milk 

3 Rank Milking Shorthorns for (1) beef production, (2) veal production, 
and (3) grazing 

4 Desenbe the work and accomplishments of the great English Short- 
horn breeders 

5 To what conditions are the hlitking Shorthorns best adapted’ 

6 Describe the Advanced Registry system of the Milking Shorthorn 

7 How may one “grade up” Milking Shorthorns’ 

Chapter 17 

1 Describe the size, color, and type of the Red Polled 

2 How do the Red Polled rank in temperament’ Age of maturity’ 

3 How are the Red Polled qualified for veal and beef production’ 

4 Describe the Red Polled as milk producers 

5 Discuss the ongm and development of the breed. 

6 To what conditions are they best adapted’ 

Chapter 18 

1 Describe the Dutch Belted 

2 Where and how were they developed’ 

3 Describe the importations to the United States 

4 Describe the Dutch Belted milk 

5 What IS. •at tV* ¥ s'twc.t. batad? 

6 Describe the French Canadian 

7 Desenbe the milk of the French Canadian 

8 Compare the Dexter and the Kerry 

9 Describe the Danish Red breed 

10 How is this new breed bemg developed’ 

Chapter 19 

1 Classify dairy farms on the basis of intensity 

2 Describe the different types of dairy farms on the basis of the type of 
cattle kept 

3 How does the market outlet influence the type of dairying practiced’ 

4 What IS the relative importance of choice of the individual animal and 
of breed in starting a dairy herd’ 
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5 To what extent should the follomng govern the choice of a breed 

a Personal preference’ d Climate’ 

b The prevailing breed e Type of land’ 

in a community? f Demand for surplus 

c The market? stock? 

6 How do breeds rank for 

a Efficiency of digestion? e Early maturity? 

b Maintenance requirements? f Veal production? 

c Utilization of roughage? g Beef production? 

d Vigor of calves? 

Chapter 20 

1 ^Vhy is the selection of mdividual cows important? 

2 Compare the relative reliability of production records and appearance 
in selecting cows 

3 What animals can be safely eliminated by appearance? 

4 What factore influence the reliability of production records? 

5 Why should a student of dairymg be familiar with dairy type? 

6 Into what five divisions may the score card be divided? 

7 How much reliance can be placed upon dairy conformation m 
selectmg cows for production? 

8 What anatomical features indicate strong constitution and vigor? 

9 How IS feed capacity mdicated? 

10 Describe the desirable udder 

11 ^Vhat are the more common udder defects? 

2 ^Vhat IS meant by style and general appearance? What is the relation- 
ship to production? 

Chapter 21 

1 Describe the body cell 

2 Why are the chromosomes important? 

3 Describe oogenesis 
Describe spermatogenesis 

5 VVhat IS meant by Mcndelism? 

6 What IS meant by the following terms dominance, recessiveness, 
epistasis, cumulative mhentance? 

7 In what ways does the modem concept of mhentance differ from that 
of Mendel? 

0 ^Vhat IS meant by homozygous and heterozygous? 

9 Of what importance is vanation m inheritance? 

0 What IS genotype? Phenotype? 

11 What is a hybnd? 

2 What IS meant by linkage? 

Are acquired characters transmitted to the offsprmg? 

^ What are mutations? 
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Chapter 22 

1. Explain how an individual may have a poorer inheritance than either 
of Its parents 

2 Why IS the production record of the dam not a reliable index of the 
mheritance of her son’ 

3 What IS meant by regression’ 

4 Why may crosses of distantly related parents not be good tests for 
genetic makeup’ 

5 What IS the most effective cross for testing genetic makeup’ 

6 What are the limitations of genetic analysis of dairy cattle’ 

7 What IS a pedigree’ 

8 Under what conditions may a pedigree be a valuable instrument m 
evaluating a dairy animal’ 

9 What IS meant by “bull index”’ 

10 Of what value are bull indexes’ 

Chapter 25 

1 Name four types of color mhentance 

2 How are the vanations m shades of color of Jerseys and Ayrshires 
accounted for’ 

3 What are the allelomorphs of sclP 

4 Name five cases where ^v^ute is dominant 

5 How IS the black nose of the Guernseys inherited’ 

6 What lethal factors are known m cattle’ 

7 What IS a freemartm’ 

8 What IS the probable nature of the inheritance of the following 

a Milk production’ d Size’ 

b Fat percentage’ c Vigor’ 

c Persistency’ f “Type”’ 

Chapter 24 

1 What are the advantages and disadvantages of crossbreedmg’ 

2 What IS the explanation for the improvement observed m outcrossmg’ 

3 What IS the essential difference between Imebreedmg and mbreeding’ 

4 What are the objectives of mbrecdmg’ 

5 What are the dangers of mbreedmg’ 

6 When should inbreeding be practiced’ 

7 What IS meant by “grading up”’ 

8 What methods did the old English breeders use’ 

9 \Vhat has genetics contnbuted to assist the breeder of dairy cattle’ 

Chapter 25 

1 ^Vhy IS the selection of a herd sire important’ 

2 To what extent should type be considered m selecting a herd sire 
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3. How may the pedigree help in evaluating a bull? 

4. What is a proven sire? 

5. What are some of the objections to a proven sire? 

6. What is a Bull Association? Give its advantages and disadvantages. 

7. What are the essential features of a good house and yard for a bull? 

8. What are the important features in correct handling of the bull? 

9. What is the importance of exercise? How may a bull be exercised? 

10. What is the relationship of the age of a bull and the quality of his 
offspring? 

11. What are the causes of sterility? What are the remedies? 


Chapter 26 

1. When was artificial insemination first practiced? 

2. When was the first artificial insemination society organized in 
U. S. A,? 

3. What are the advantages of A. I.? 

4. Name the disadvantages. 

5- Describe the reproductive tract of the bull. 

Describe the reproductive tract of the cow. 

7. Describe methods of obtaining semen. 

8. What are the main problems in caring for semen? 

9. How may semen be diluted? 

10. What tests may be applied to semen. 

11. Describe the different types of artificial insemmation societies. 

12. Compare conception rates from natural and artificial breeding. 

Chapter 27 

1. What is a “purebred?” 

— ^Vhat is its real purpose? 

3. What have the purebreds contributed to dairy development? 

4. Compare purebreds and grades as producers. 

3. What is there in the breeding of purebred dairy cattle to interest 
competent breeders? 

6. What qualifications must one possess to become a successful breeder of 
purebred cattle? 

Why is it essential to test all purebreds? 

What are public sales, and what do they accomplish? 

In what different \vays may a breeder advertise? 

^Vhat systems may be used in naming purebred cattle? 

^Vhat are the major business requisites for successful breeding? 

'Vhat services should a breeder render beside selling purebreds? 


Chapter 28 

1. Why is the rate of gro^vth important? 
^Vhat are the growth periods? 



660 


DAIRY SCIENCE, SECOND EDITION 


3 Ho\v may gro\vth be accounted for’ 

4 What IS the effect of fattening upon cell size’ 

5 Discuss change of form in relation to growth 

6 What dctemiines the limits of growth’ 

7 How does age affect the chemical composition of the body’ 

8 How is growth measured’ 

9 Of what value are normal growth figures’ 

10 ^Vhat factors influence the birth weight of calves’ 

11 What factors mfluence the mature size of an animal’ 

12 What are the effects of gestation upon growth’ 

13 How docs lactation affect growth’ 

14 What IS the relationship beD»ccn fatness of the growing heifer and the 
subsequent dairy type’ 

15 What IS the relationship between rate of growth and sexual maturity’ 

Chapter 29 

1 How many calves must be raised annually per 20 cows for replacement? 

2 Discuss the selection of calves to be raised 

3 Compare the digestive tract of a calf tviih that of the mature animal 

4 Under what conditions are calves suffering from protem deficiencies’ 

5 What mmerals may be madequate in calves* rations’ 

6 What vitamin deficiencies may calves suffer from’ 

7 How long should a calf be left with the dam’ 

8 Of ivhat importance is colostrum’ 

9 How should a calf be caught to dnnk out of a pail’ 

10 How much milk should be fed calves’ 

11 What are the dangers of overfeedmg’ 

12 Desenbe changmg the feed from whole milk to skim milk 

13 How do calves fed s kim milk compare with those fed whole milk’ 

14 What supplement should be added when the calves are changed to 
skim milk’ 

15 Desenbe the problems encountered m raismg calves where v' hole milk 
is sold 

16 Discuss the feeding of whey lo calves 

17 How may buttermilk be used m raising calves’ 

18 How should dry milks be fed’ 

19 What kind of hay is best for calves’ 

20 Desenbe the difficulties encountered when whole milk alone is fed 

21 ^Vhat effect upon calves has milk foam’ 

22 How IS pasteurized milk as a calf food’ 

23 Discuss cleanliness as a factor in calf raismg 

24 Desenbe a satisfactory calf pen 

25 Why is pasture not advised for calves rccemng skim milk? Silage- 

26 What are the relative merits of spring and fall calves’ 
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27 How should a calf be weaned^ 

28 Discuss the economics of veal production 

29 What should be done to prevent calf diseases^ 

30 Give the causes, symptoms, and treatment of the following diseases 

a Common scours e Navel ill 

b White scours f Goiter 

c Bloody scours g Ringworm 

d Pneumonia h Warts 


Chapter 30 

1 Why IS rapid growth and development desirable^ 

2 Under what condiuons may it pay to feed less than necessary for rapid 
growth’ 

3 What special problem is raised at weaning time’ 

4 How much and what kmds of concentrate should the 6 month to 12- 
iDonth old heifer have’ 

5 Discuss the relative merits of the different hays and silage 

6 How valuable is pasture for calves of this age’ 

What mmeral supplements may be needed’ 

Discuss the wmter feeding of >carling heifers with 

a Legume roughage c Legumes and silage 

b Mixed hays d Grass hays and silage 

deficiencies are encountered when grain alone is fed’ 

Discuss the gains of heifers made on pasture when m poor condition 
and good condiuon 
^^enbe adequate housing for heifers 
13 factors determine the age at which heifers should be bred’ 

What is the average and normal variations of the gestation period of 
cattle’ 

^4 How much feed and labor are required to raise a heifer to 2 years of 
age’ 

Describe the feeding and care of a heifer before calving 
Chapter 31 

2 "^^ace the evolution of the mammary glands 
2 ^^cribe the division of the mammary glands of the cow 
Discuss the factors affecting the shape of the udder 
^ Describe the structure of the udder 

How does milk get into the gland cistern from the secretory tissue’ 
Desenbe the alveolus A lobe 
g How IS blood supplied to the udder’ 

How does lymph leave the udder’ What happens when lymph backs 
^ “pm the udder? 

ow IS *116 udder supplied with nerves’ 
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7 What IS the normal gestation penod of co%ss’ 

8 What IS the normal oestrus c>clc, and v\hai factors influence it^ 

9 4Vhcn should cows be bred for opliroum results’ 

10 What IS a normal breeding cfiicicnc>’ 

11 \Vhat factors arc invoked m sterility’ 

12 Why should a cow be given a rest period’ How long’ 

13 What is the difference between cov\s and heifers in the length of rest 
period needed’ 

14 What are the mam objectives m the care of the dry cow’ 

15 Describe the care and attention of a cow at caking time 

16 Desenbe the weights of cows dunng the dry period and following 
calving 

17 How should a cow be fed and eared for following calving’ 

18 What difficulties are frequently encountered following calving’ 

19 How should a case of retained afterbirth be treated’ 

20 How should a congested udder be treated’ 

21 What is the fundamental cause of milk fev cr’ How should it be treated’ 

22 What precautions should be taken in “breaking in” a heifer to milking’ 

23 Should a cow be milked before calving’ Why’ 

24 ^Vhat is the cause of hard milking’ How may such eases be treated’ 

25 Describe the relative merits of the different systems of drymg-off cows 

26 How may leaky teats be treated’ Sore teau’ Warts’ 

27 ^Vhen should a milk tube be used’ How should it be eared for’ 

28 What effect has lengthenmg the interval between milking upon the 
amount and quality of the milk? 

29 \Vhat are the reasons for cows leaving the herd’ 

30 ^Vhat is the average productive life of a cow’ 

31 What damage do flics cause’ 

32 ^Vhat are the more important flics attackmg or annoymg cattle? 

33 How may flies be combatted’ 

Chapter 35 

1 How much time is spent m milking a cow daily and for the > ear’ \Vbat 
proportion is this of the total labor requirement’ 

2 Discuss the early development of milkmg machines 

3 Desenbe the stages m the development of suenon milking machines 

4 Into what two classes do suction machines fall, and v^hat are the c®" 
sential differences’ 

5 How IS intermittent vacuum obtained’ 

6 ^Vhat IS meant by a releasor system’ 

7 Desenbe the Roto-lactor 

8 How do hand and machine milkmg compare m efficiency’ 

9 Discuss stnppmg followmg milkmg by machme 
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How does machine milking compare hand milking for the quality 
of milk produced^ 

Under what conditions may milking machines be responsible for the 
spreading of udder diseases’ 

What factors decide whether a milking machine is economical’ 

^\hat IS the smallest herd for which a milking machine is economical’ 
What arc the chief mistakes made in running a milking machine’ 

List the various steps necessary m cleaning the milking machme 

List the 6ve rules for milking 

Uesenbe the best milking routine m a bam 

Chapter 36 

^Vhy IS the keeping of records important’ 

Gwe five methods of identifying animals and the relative ments of 
each 

What are the advantages of using herd numbers’ 

What IS the relative value of milk rccoixls and fat percentage’ 

What are the ments of keeping daily milk weights’ 
hat IS the relative accuracy of dctermimng fat percentage by testing 
day each month’ 

How reliable is the use of the fat percentage for one lactation when ap- 
plied to another lactation’ 
esenbe a permanent herd book 
y 'vhat different agencies may testing be performed’ 

What arc two objections to pnvatc record keepmg’ 

^nbe a Cow Testing Association 

Vhat are the chief merits of a Cow Testing Association’ 

What are the chief merits of Official Testing’ Objections to’ 

What IS the Herd Test’ 


Chapter 37 

factors must be considered in determining the cost of produang 

milb* 


J^nvert 5,000 pounds of milk tesUng 5 per cent into 4 per cent 
G M ) Also 5,000 pounds of 3 per cent milk 
hat factors affect the coefficient of efficiency’ 

IS the relationship beoveen C E and the cost of producing milk’ 
^^uss the relationship bet^vecn increased production and feed costs, 


w» the law of dimimshmg returns 

What factors affect the labor requirements for milk producuon What 
Proportion of the total cost is for labor’ 

Lat are the variations in charges for buddings’ 

<^hargcs for equipment 

*bat factors affect chaiges for deprcciauon of cattle 
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10 What IS included m miscellaneous costs, and how much do these 
amount to’ 

1 1 What credits besides sales of milk and butterfat should be made’ 

12 Discuss the “cost of milk production formulas 

13 What arc the seasonal effects upon cost of milk production’ 

Chapter 38 

1 How extensive is the loss from disease m dairy cattle’ 

2 Name the chief factors involved in the prevention and control of 
disease 

3 What IS the relaUonship between the state of nutrition and suscep* 
tibility to disease’ 

4 What should the medicine cabinet contain’ 

5 Describe drenching an animal 

6 What are the symptoms of Bang’s disease’ Effects’ 

7 How should a herd be handled when infected ^vlth Bang’s disease? 

8 How IS tuberculosis detected and controlled’ 

9 Describe John’s disease and its treatment 

10 Describe hemorrhagic septicemia and its treatment and controL 

11 What IS tnehomonad disease, and how may it be controlled’ 

12 Describe actinomycosis, its treatment and control 

13 Describe pink eye, its treatment and control 

14 How may footrot be controlled’ 

15 What IS cowpox’ How should cases of this disease be handled’ 

16 What causes bloat’ How should it be treated’ 

17 What are the causes of mastitis’ 

18 How may mastitis be detected’ 

19 Discuss the merits of vanous treatments for mastitis 

20 What methods may prevent masutis^ 

Chapter 39 

1 Name five important considerations m plannmg a dairy bam 

2 Why is the warmth of a bam important’ 

3 What are the requirements in the bam for the production of clean 
milk? 

4 Desenbe the requisites for the location of a bam 

5 What direction should the bam face'^ 

6 How may barns be classified’ 

7 What arc the advantages and disadvantages of the different types of 
bams’ 

8 What factors determme the type of buildmg material to be used m tb- 
construction of a bam’ 
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9. What must be known before the interior of a barn can be properly 
planned? 

10. Discuss the relative advantages of facing cows in and facing them out. 
U. Discuss the factors that determine the dimensions of a dairy barn. 

12. What determines the size of stalls to be used? 

13. Discuss the sizes and location of the different alleyways. 

14. What are the advantages and disadvantages of the different types of 
barn floors? 

15. What are the requisites of an ideal floor for the stall? 

16. Describe the size and location of windows for a barn. 

17. What are the purposes of ventilation? 

18. What are the chief differences between the air before and after inha- 
lation? 

19. What are the problems encountered in attempting to ventilate a barn? 

20. What are the advantages and disadvantages of the different systems of 
venUlation? 

21. Discuss the different types of labor-saving devices used in feeding, and 
in cleaning the barn. 

22. What is meant by loose housing? What arc the advantages? 

23. What is a milking parlor? 

24. What are the advantages of the elevated milking stall? 

25. What are the problems in training cows? 

Chapter 40 

1. What arc the three most important elements concerned with soil 
fertility? 

2. Discuss the variation between different crops in the amounts of fertility 
removed from the soil. 

3. How may livestock production preserve soil fertility? 

4. When may soil fertility be improved by the keeping of livestock? 

5. What factors influence the composition of manure? 

6. What is a year’s production of manure from a cow worth? 

7. Upon what factors does the annual amounts of manure from a cow 
depend? 

8. How heavy may be the losses in manure, and %vhat factors are re- 
sponsible for these losses? 

9. What arc the qualifications of good bedding? 

10. How much bedding U needed per cow per day? 

Chapter 41 

1* Why are cows generally undernourished? 

2. For what is food used in the animal body? 

3. What are the essential dietary substances? 
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4 What IS meant by total digestible nutncnts’ 

5 What IS meant by net energy’ 

6 How are digestible nutrients determined’ Net energy’ 

7 What are the losses of energy from the body’ 

8 In what forms may energy be stored in the body’ 

9 Of what importance is fat in the diet’ 

10 For what is protein used’ Of what importance is the quality of the 
protein’ 

11 What minerals are needed for animal nutrition’ 

12 What are the functions of minerals m the body’ 

1 3 What are the common salt needs of cattle’ How may salt be supplied’ 

14 What arc the symptoms when phosphorus is deficient’ Calcium’ 

15 In what ways may adequate phosphorus be supplied’ 

16 How may calcium deficiency be corrected’ 

17 What arc the symptoms of iodine deficiency’ 

18 How may iodine deficiency be corrected’ 

19 Where may the iron and copper content of feeds be inadequate’ What 
are the symptoms’ 

20 What are the symptoms of cobalt deficiency’ 

21 Under what conditions may there be a vitamin A deficiency’ What 
are the symptoms’ 

22 How may vitamin A be preserved m feeds’ 

23 When is the vitamin A content of milk high’ 

24 Of what importance is vitamin B in dairy cattle feeding’ 

25 Of what importance is vitamin C’ 

26 What are the symptoms of vitamin D deficiency m cattle’ 

27 Which feeds are low and which are high in vitamin D’ 

28 Of what importance is vitamm E in dairy cattle feeding’ 

29 What IS the relationship between the concentration in the feed and m 
the milk of each of the vitamins’ 

30 Describe the evoluliao cif the /eedm^ and ^ive the specific 

contributions of each standard to better feeding 

31 Of what practical use is a feeding standard’ 

32 Balance a ration for a I 200 pound cow producing 50 pounds of milk 
with 3 5 per cent fat content, using alfalfa hay, com silage, com, 
barley, and oats 

33 What are the uses of water in the body’ 

34 What determines the water needs of a cow’ 

35 What are the relative merits of the different ways of supplying water 

36 What are the chief considerations as to whether a ration is suitable 

37 What is the importance of balancing a ration’ 

38 Of what importance is palatability of the ration’ 

39 When may a ration be too bulky’ Too heavy’ 

40 How essential is a consideration of succulence in the ration’ 
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41. What is the fundamental reason for feeding concentrates? Explain. 

42. What effects of feeds upon the milk and upon the system must be con- 
sidered? 

43. Discuss a number of plants that may poison cattle, and list other ways 
in which they may be poisoned^ 

44. Discuss the importance of the cost of the ration. 

Chapter 42 

1 . Classify feeds into the different groups. 

2. Discuss the importance of roughage in the ration. 

3. Compare the value of alfalfa hay with other legumes and with other 
hays. 

4. What are the chief nonlegume hays, and how do they compare in 
value with one another and with legumes? 

5. Of what feed values are the fodders? What influences their feed values? 

6. What is the feed value of stover? When should stover be used? 

7. Compare the values of com meal with corn and cob meal. 

8. How do the sorghum grains rank as feed? 

9. Discuss each of the cereal grains as feeds for dairy cattle. 

10. Where are soybeans of special value? 

11. What are the relative values of the various by-products of corn? Of 
wheat? Of oats? 

12. Compare brewers' and distillers’ grains as feeds. 

13. Compare cottonseed meal with Unseed oil meal as to their effect upon 
the animal and as a source of protein. With soybean oil meal. 

14. What precaution should one take in buying screenings? 

15. How do roots, tubers, and pumpkins rank as feeds? 

16. ^Vhat is the feed value of molasses, and what special uses are made of 
it? 

17. What animal by-products may be used for feeding dairy cattle, and 
what diihculties are encountered in feeding them? 

18. What is formed to preserve silage in the natural fermentation process? 

19. Describe processes that are used for preserving green material. 

20. What are the advantages of silage? Disadvantages? 

21. ^Vhat are the essential considerations for making good sUage? 

22. Describe the various kinds of silage. 

23. Of what value are ‘‘digesting” processes? 

24. Why should grains be ground? 

25. Discuss the advisability of grinding roughages. 

26. What are the pros and cons for chopping and shredding roughages? 

27. Of what value is cooking or soaking grains? 

Chapter 43 

1. How may the problems incident to feeding dairy cows be divided into 
groups? 
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2 Show how liberal feeding is economical under normal conditions 

3 In what ways may concentrates improve the ratton’ 

4 Discuss the ments of each of two sets of rules for fcedtng 

5 What different feeding problems are encountered when the roughage 
IS of low, medium, and high protein content’ 

6 Under what conditions may it be economical to feed cows on limited 

amounts of concentrate’ ^ 

7 \Vhat are the relative yields m nutrients for grains and roughag« 

8 What are the relative costs of producing nutrients in grains and rough- 
ages’ 

9 What are the essentials for satisfactory returns \vhcn limited amounts 
of concentrates are fed’ 

10 Under what conditions is it desirable to feed cows for maximum pro- 
duction’ 

11 Describe the essentials of a ration for “test cows ** 

Chapter 44 

1 What are the general problems in furnishing adequate pasture’ 

2 Compare young pasture grass with hay and concentrates 

3 How docs mcrease m maturity affect the composition of grass’ O 
legumes’ 

4 How much grass \vill a cow consume’ 

5 What factors affect the amount of grass a cow will consume’ 

6 Discuss the relative yields of pasture and harvested crops 

7 What arc the relative costs of nutrients from pasture and from har- 
vested crops’ 

8 What are the effects of grazmg upon pasture yield’ 

9 What are the most important considerations in the proper manage- 
ment of pastures’ 

10 In what ways may pastures be supplemented’ 

11 What governs the amount of concentrates a milking cow on pasture 
should be fed’ 

12 What are the most important pasture grasses for your section’ ^ 

13 What arc the advantages and disadvantages of legumes for pasture. 

14 Discuss the crops best suited for supplementary pastures 

15 How may pasture be supplied when the regular pasture is destroy 

Chapter 45 

1 Define milk 

2 Describe the appearance and taste of milk 

3 What arc the similarities and difierences of the mdks from diffei’®^ 
species’ 

4 What are the extreme vanaUons m the composition of cous 

5 Describe the composition of milk fat, and tell why It differs from o c 

fats 
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6. What other fatlike compounds axe found in milk? 

7. What causes variation in the chemical makeup of milk fat? 

8. Classify the fatty acids. 

9. What are the three proteins of milk? 

10. Give the chief characteristics of each protein. 

11. What are the other nitrogen compounds of milk? 

12. Describe lactose. 

13. What causes souring of milk? 

14. What are the chief minerals of milk? 

15. Describe each of the milk pigments. 

16. Name and describe the enzymes of milk. 

Chapter 46 

1. Describe the general structure of milk. 

2. What materials are in solution? 

3. What constituents of milk are colloidal? 

4. Describe the physical characteristics of fat In milk. 

5. How does milk react chemically? 

6. What factors affect the specific gravity of milk and cream? 

7. What constituents of milk con^bute to lowering its freezing point? 

8. \Vhat practical uses are made of the freezing point and specific gravity 
of milk? 

9. What factors influence the specific heat of milk and cream? 

10. What influences the viscosity of milk and cream? 

11. Describe the electrical conductivity and surface tension of milk. 

12. What factors influence the creaming of miik.^ 

13. How is foam formed? 

14. What are the sizes and factors influencing the size of fat particles in 
milk? 

15. Name the common physical and chemical constants of milk fat. 

16. What are the effects of heating upon milk? 

17. How does freezing alter milk and cream? 

18. What docs vigorous agitation do to milk? To cream? 

19. Describe oxidation in milk, cream, and butter. 

20. What arc the effects of enzyme action on milk? 

Chapter 47 

1. Who were the leaders in the discovery and early development of 
bacteriology? Of dairy bacteriology? 

2. What organisms are included in microbiology? 

3. What are the morphologic and reproductive characteristics of each of 
the groups of microorganisms? 

4. What are the sources of microorganisms in milk? 
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5 What are the most important precautions that must be taken to reduce 
the contamination of milk^ 

6 What are the requirements of miciooi^anisms for growth’ 

7 Why IS milk a good substrate for the growth of microorganisms’ 

8 How do bacteria differ in their requirements for growth’ 

9 What methods are used to determine the microorganisms of milk’ 

10 Name the changes brought about by microorganisms in milk 

11 The formation of what dairy products is dependent upon microor 
ganisms’ 

12 Upon what action of the microorganisms is each of these products de 
pendent’ 

13 What undesirable fermentations are produced’ Describe each one 

14 What important disease producing organisms may be borne by milk’ 

15 How may harmful microorganisms be destroyed in milk’ 

Chapter 48 

1 Describe the proper sampling of milk or cream 

2 How should a composite sample be taken’ 

3 What three preservatives may be used, and what are the relative 
merits of each’ 

4 Describe the procedure for conducting the Babcock test (a) for milk, 
(b) for skim milk and (c) for cream 

5 What IS the butyl alcohol test’ 

6 What are the causes of the following defects Black particles in the fat 
column’ Too dark fat column’ White or grayish particles in the fat’ 
Bubbles on the surface of the fat’ 

7 How may each be prevented’ 

8 Describe the Minnesota Babcock test 

9 What are the principles of the Rocse Gottlieb test’ 

10 How may total solids of milk be determined’ 

11 How IS the amount of casein determined’ 

12 Describe the determination of acidity 

13 Describe the determination of sediment by three different methods 

14 What IS the principle of the brom thymol blue test’ 

15 What IS the alcohol test and what is its value’ 

16 What IS the principle of the methylene blue test’ 

17 How may one determine whether or not milk has been heated’ 

Chapter 49 

1 What IS the effect of straining upon milk’ 

2 How thorough is the gravity creaming’ 

3 When and by whom was the centrifugal separator invented’ 

4 Describe the bowl of a separator 

5 What factors influence the fat content of cream’ 
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6 What factors affect the efficiency of a separator^ 

7 What IS separator slune^ 

8 What IS the effect of separation on bacterial content of the cream, sV i m 
milk, and shme^ 

9 What IS the relationship between temperatures and bacterial de- 
velopment^ 

10 What different methods may be used in cooling milk or creara^ 

11 What IS the effect of clarification upon the composition and bacterial 
content of milk’ 

12 Describe the different methods of pasteurization 

13 What IS the effect of pasteurization upon the physical properties of 
milk’ Upon the chemical properties’ 

14 What is the principle of homogenization’ 

Chapter 50 

1 What is meant by market milk’ 

2 What are the different kinds of market milk’ 

3 Of what importance is the health of the cows and the feeds fed’ 

4 Specify the essentials of a dairy bam to meet the demands for market 
milk production 

5 Describe the equipment necessary for the production of market milk 

6 Name the important steps m the production of clean milk 

7 Describe a method of cleaning and sterilizmg mdk equipment 

8 What IS certified milk’ 

9 What are the problems m the transportation of milk’ How are they 
met’ 

10 Trace milk through a modern milk plant 

11 What factors influence the delivery cost of milk’ 

12 How much each of 3 0 per cent and 4 2 per cent milk is needed to 
make a 3 5 per cent milk’ 

13 How much skim milk and 4 2 per cent milk is needed to make a 4 0 
per cent milk’ 

14 How is the public insured of a safe and wholesome market milk’ 

Chapter 51 

1 What are the constituents of butter’ 

2 What is meant by the “double standarf”’ 

3 Describe the structure of butter 

4 What are the fundamental principles involved m churning’ 

5 Discuss the theories of churning 

^ Name all the steps in churning, from loading the churn to removing 
the butter, and discuss the importance of each 

2 What are the classes of butter on the basis of treatment’ On the basis 
of source’ On the basis of quality’ 
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8 In scoring butter, what points arc considered’ 

9 What are the requirements and the common defects for each under 
number 8’ 

10 What effect has temperature upon churning’ 

11 Name the other factors affecting chummg, and desenbe the effect. 

12 Discuss quality of cream m relation to butter making 

13 What four processes may cream for butter makmg be subjected to’ 

14 \Vhat IS the object of each’ 

15 \Vhat arc some of the common tests used m the process of butter 
making’ 

Chapter 52 

1 Classify cheese on the basis of hardness 

2 Classify cheese on the basis of the product from svhich it is made 

3 What constituents of milk are used m cheese making’ 

4 How may the coagulum be formed’ 

5 How do rennm and pepsm act upon milk’ 

6 What arc the chief variations m the composition of the different 
cheeses’ 

7 Why IS high quality milk essential for cheese making’ 

8 ^Vhat IS the relationship between the fat content of the milk used and 
the yield of cheese’ 

9 Desenbe the preparation of the milk for setting 

10 Desenbe the process from the addition of the rennet to cuttmg the curd 
for Cheddar cheese makmg 

11 How IS the cut curd packed for Cheddar cheese’ 

12 What are the important considerations m cunng Cheddar cheese? 

13 In what ways does the making of Swiss cheese differ from that of 
Cheddar cheese? 

14 Desenbe the process for makmg bnck cheese 

15 In what important details does the makmg of Roquefort cheese differ 
from that of Cheddar cheese’ 

16 ^Vhat arc the chief differences between rennet cheeses and cottage 
cheese’ 

17 Desenbe cheese, Neufchitel, Camembert, and Limburger cheese. 

1 8 What IS Pnmosl’ 

10 What are the by products of cheese makmg’ 

Chapter 53 

1 What are the reasons for condensmg and drymg milk? 

2 Define condensed milk, evaporated milk, superheated milk, and scmi- 
solid buttermilk 

3 What arc the Federal standards for evaporated and condensed milks’ 

4 Why IS sugar added to condensed millc? 
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5 Describe the general properties of condensed milks 

6 What are the chief factors involved in the keeping qualities of con- 
densed milks^ 

7 What IS the principle of condensing^ 

8 Describe the process of condensing 

9 Descnbe the different processes employed in drying milk 

10 What are the advantages of the spray process over the drum process^ 

11 Classify dried milks according to the process employed in their manu- 
facture and according to the product 

12 Discuss the factors causing variations m the composition of dried 
milks 

13 Describe the physical properties of milk powders 

14 Compare reconstituted milks with natural milks 

15 Describe the chief deteriorations of milk powders due to agmg 

16 What are the chief uses for dried milks^ 

Chapter 54 

1 Define ice cream 

2 What are the important groups of constituents of ice cream^ 

3 How much fat and total solids should ice cream contain’ 

4 Describe ice cream from a physico chemical standpoint 

5 What are the different classes of ice cream’ 

6 What steps must be taken in preparing an ice cream mix for freezing’ 

7 What are the effects upon an ice cream mm of homogenization and 
aging’ 

8 What are the important points la the proper freezing of ice cream’ 

9 What different methods are used in making commercial casern’ De- 
scnbe each briefly 

10 What factors affect the quality of casern’ 

1 1 How IS lactose prepared from milk’ 

12 Name and briefly descnbe each of the fermented milks 
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Abortion, 411 
Aadity test, S67 
Acidophilus milfc, 550, 633 
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Actinomycosis, 416 
Advanced Registry 
Ayrshire, 142 
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Dutch Belted, 168 
Guernsey, 136 
Holstem Fnesian, 113 
Jersey, 125 
Red Polled, 162 
Shorthorn, 155 
Agar plate count, 548 
Age of TOW and quanuty and quality ol 
milk, 344 ’ ’ 

upon milk, 536 
A I V silage, 489, 493 
^cohol test, 568 

Artifiaal inscmmation, 251 
Aynhire, 139 
characteristics of, 139 
distnbution of, 141 
sulk, 140 
ongm of, 141 
records, 142 
regutrauon, 142 
score cards, 184 
testing, 142 

Jabojck Test, 559 
“ackcrossing, 203 
^ctena, 538 
^anced rauon, 472 
gaug** disease, 411 
Barley, 484 
_ by-products, 486 
Barns, 432 
^eyways of, 438 
leaning equipment, 441 
pensions oi; 437 

equipment in, 443 
floors of, 438 
"Sht requirements, 439 
ocauonof, 433 
loose housing, 443 
l^icnaU and comtrucuon, 435 
of lotcnof, 436 


Barns {continued) 
types of, 434 
ventilation, 439 
Bedding, 453 
amounts used, 454 
Beet 

pulp, 487 
top silage, 494 
Bitter 

flavors from microorganisms, 551 
milk (see also Lipase), 338 
Bloat, 418, 515 
'-^ilmg pomt of milk, 531 
Breed (see also Cattle) 
choosing a, 176 
community and, 176 
market and, 177 
origin of, 101 
type, 189 

'"Breed comparisons 

adaptation to climate, 178 
beef values, 180 
demand for stock, 178 
digestion effiaency, 178 
maturity, 179 
veal, 179 

vigor of calves, 179 
Breeder 

quahfications of, 270 
services rendered, 273 
Breeding (see also Inheritance) 
age of heifers, 358 
effiaency, 358 

methods used by noted breeders, 235 
modern, 237 
systems of, 230 
Breeds, effect on milk, 336 
Breed’s method, countmg bactena, 548 
Brewers’ grains, 487 
Bnck cheese, 615 
Brom th)^!^ blue test, 563 
Brown Swiss, 146 
charactensucs of, 146 
distribution of, 148 
milk, 147 
records, 149 
score cards, 184 
Buckwheat, 485 
Bulganan buttermilk, 633 
Bulk in the raUon, 474 
Bull 

age and quality of ofljpnog, 2^9 
age for service, 249 
assoaations, 248 
cost of keeping, 251 
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Bull (cotlmiud) 
dehoming, 255 
feeding, 248 
bousing and yards, 249 
unportance of, 239 
index, 208 

management of, 252, 253 
proven, 244 
ringing, 252 
selection of, 241 
service life of, 254 
stenlity of, 255 
trimming feet of, 253 
type, 241 

Bulldog head, 218 
Butter 

amounts produced, 66 
composition of, 597 
cultures, 549 
grades of, 602 
hutory, 5, 7, 8 
legal standards, 597 
marketing of, 70 
prices, factor influcnang, 69, 72 
overrun, 69, 596 
scoring of, M3 
storage, 72 
structure of, 597 
Butterfat 

composiuon of, 521 
differentials, 61 

pnee m relation to feed pnee, 50a 
tesu lor («< also Testiog), 557-569 
uttenmlk 
lor calves, 296 
dned, 99, 625 
test for, 563 

By product concentrates, 485 
Calcium and phosphorus requirements 

Appendix Tabic III), 460 

Calves 

amount to feed, 292 
bedding for, 298 

chaneing from whole milk to «kim 
milk, 293 

digesuve tract of, 287 

diseases of, 301 

effert of foam on, 297 

feeding on ikira milk, 292 

feeding on whey, 295 

feedmg where whole milk is sold, 294 

feed rcquiremcnU, 286, 288 

frequency of feedmg, 292 

hay for, 296 

meals, 294 

mineral requircraenli of, 288 

pasteurized milk for, 298 

pasture for, 293 

pens for, 298 

raising of, 286 

selection of, 286 

silage, 299 

starting the feeding of, 290 
teaching to dnnk, 29 1 


Calves {conlinsud) 

temperature of imlk for, 298 
ties for, 298 

vitamin requirement of, 289 
water requirements of, 290 
weaning, 299 
whole milk alone for, 297 
Calving 

care at time of, 361 
diffiailtics in, 363 
feeding after, 362, 505 
loss of weight due to, 362 
milk fever and, 364 
Camembcrtchecsc, 617 
Capamties of silos (Appendix Table VI) 
Care of dry cow, 361 
Casein 

m milk, 98. 524, 566 
making and uses for, 632 
Catalase, 527 
'-'Cattle 

classification of, 105 
color formula of, 215 
color inheritance of, 210 
development of, 101 
hutory of, 104 
inhented characters in, 210 
lethal factors in, 217 
Cell structure, 193, 194 
Centrifuge for testing, 561 
Cemfioi milk, 589 
Cheddar cheese, 612 
Cheese, 608-617 
bnck, 615 
Camegibert, 617 
Cheddar, 612 
compoMUon of, 610 
conditions for making, 78 
consumption of, 39 
Cottage, 616 
cream, 616 
curing of, 610 
factory location, 75, 79 
Gorgonzola, 615 
hutory, 5, 6, 7 
Limburger, 617 
making, bacteria used m, 550 
marketing, 79-81 
Neufchatel, 616 
pnmost, 617 

prmaplcs of making, 609 
production of, 76 
quality of milk in making, 611 
Roquefort, 615 
Swiss, 614 
Chemical 

constants of milk fat, 534 
reaction of milk, 529 
Cheimcal treatment, effects upon nui** 
535 

Cholesterol m milk, 523 
Chopping roughage, 495 
Churning, factors affecting, 600 

cream from cows in advanced Ucta- 
uoo, 601 
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Churning (conlinued) 
richness of cream, 601 
size of fat particles, 601 
sour cream, 601 
temperature, 600 
\iscosity, 601 

Churning, pnnaples of, 598 
Churning practices, 599 
butter color, 599 
loading the chum, 599 
prepanng the chum, 599 
nnsing, 600 
salting, 600 
^^uashing, 600 
^lanfication, 580 
Cobalt requirements, 465 
Cocihucnt of effiaency, 400 
Colloidal material in imlk, 529 
Oxjking feeds, 495 
Coolers, surface, 579 
CooUng ta^, 579 
Concentrates 
classification of, 483 
function in the ration of, 497 
hmitcd feedmg of, 501 
Condensed milk, 618 
composition of, 618 
defimuon of, 602-618 
keeping qualities of, 620 
niarketing, 40 
properties of, 619 
Condensing 
equipment in, 621 
method of, 621 
^pnnaple of, 620 

Constants for evaluaung feeds (Appendix 
Table V) 

Co-operative 
Cteamenes, 68 
milk marketing, 54 
Copper in the ration, 464 
Com • 


mid cob meal, 484 
gram, 484 
silage, 492 

Cost of milk production, 13, 400 
coclBaent of efficiency, 400 
credits other than milk, 406 
fal*corrcctcd milk, 400 
feed cost, 400, 478 
Iced requirement, 404 
formula, 407 
herd sire, 4Q5 

investment and dcprcaalion, 405 

labor costs, 404 

level of production, 18, 402 

miscellaneous, 406 

seasonal vanauon, 386 


Cottage cheese, 516 
Cottonseed b> products, 486 
Cowpeas, 485 
Cow pox, 417 
Cows 

tigc and fat per cent, 344 
age and milk >5eld, 344 


Cows {continued) 
beef value of, 180 

condition at calving and production, 
341 

dry, care of, 361 
judging, 181 

length of productive life, 369 
number m U S A , 1 6 
reasons for disposal, 369 
selection ofin^vidual, 181 
size of and production, 345 
type of and selection, 182 
Cow Testmg Assoaations, 394 
Cream 

cheese, 616 
grading of, 604 
nsiog of, 533 
screw, 574 
test for fat, 562 
Crcamcncs 
overrun, 69 
types, 68 

Cnticisms of bull mdex, 209 
Crossbreeding, 230 
Cultured 

buttemulk, 633 
cream, 550, 633 
Cutting roughage, 495 

Dairy farmmg, classification of 
on intensity basis, 174 
on kind of cattle, 175 
on type of market, 175 
Dairy heifers, type of, 1 92 
Defective teeth, 217 
Dehorning, 253, 356 
Dexter, 170 
Diastase, 527 

Digestible nutnents, definition alfo 
Appendix Table IV)> 456 
Digestive disturbance, ejects upon milk, 
J5r 

Diphtheria, 554 
Disease control, 409 
Diseases 

of calves, 301 
of cattle, 409 
Diseases, imlk'bome, 5S3 
djphthena, 554 
inianule diarrhea, 554 
scarlet fever, 554 
septic sore throat, 554 
tuberculosis, 533 
typhoid fever, 534 
undulant fever, 533 
Dominance, 196 
Dned ice cream, 625 
Dned milk, 622 
cooipocition of, 625 
keeping qualities of, 626 
kinds of, 625 

phj-sical properties of, 625 
processes in making, 622 
production of, 94 
iTCOnstitutioa of, 626 
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Dned milk {eonUniud) 
solubility of, 626 
uses for, 627 

Drugs, effect upon milk, 35Q 
Drum dners, 622 
Dry-milk pr^ucts 
buttermilk, 625 
cream, 625 
slum milk, 625 
whey, 625 
whole milk, 625 
Drymg-ofT cows, 367 
Dual purpose cows, 180 
Dutch Belted, 168 

Effect of feeds upon milk, 475 
Electneal conductivity of milk, 532 
Emmer or spelt, 485 
Enzyme action, effect upon milk, 536 
Enzymes in milk, 527 
Epistasis, 196 
Epithelt^ defect, 219 
Evaporated milk 
definition, 618 
location, 84 
marketing, 87 
plants, 85 
uses, 87 

Exercise, effecu upon producuon, 355 

Farm name, 272 
Fat 

corrected milk, 400 
globules m milk, 534 
losses in buttermilk, 600 
m the ration, 458 

Fat milk, physical and chemical proiv 
erues 

chemical constants, 534 
cream rising, 532 
globule size, 534 
oxidation, effect, 536 
phyucal constants, S3 
Fattj aadi of milk, 521 


capaaty of cows, 187 
charactcnstics of, 48CM95 
and cost of milk production. 400 
poisons, 475 


u for milk production, 404 

reed effects upon 
amount of milk, 347. 350 
fat, 348, 349 
flavon, 349 
nulk constituents, 348 
quality of milk, 34S 
Feeding 
dairy cattle, 455 


concentrates, 495^ 502 

high protan roughage, 501 
low prOtan rouehage, 500 
oHlaaJ test conditions, 506 


Feeding cows (coniinueJ) 

relation of butterfat pace and feed, 503 
rules for, 498 
Feedmg standards, 468 
development of, 468 
Haecker’s, 469 
use of, 469 
value of, 468 

Fence bre^ng habit, 357 
Fermented mifics, 633 
Ferulization of ovum, 194 
Fertilizing value of crops, 450 
Filtration of milk, 580 
Fish meal, 488 
Fishy flavors, 552 
Flake film process of drying, 624 
Flavors, removing from cream, 605 
Flaxseed, 485 
by-products, 487 
FLes, 370 
control of, 371 
damage by, 370 
sprays for, 371 •. 

traps for, 372 

Floor matenal for bams, 438 
Foaming property of milk, 533 
Fodders, 482 
Foot rot, 417 
Formula 

for cost of milk production, 407 
for determining value of feeds, 473 
Freemartin, 220 
Freezing, effect upon milk, 536 
French Canadian, 169 
Fruity flavors of nulk, 552 

Gamete, 194 

Gases in milk, 526, 551 

Genetic make-up, measures for, 201 

Gestation 

effects upon milk, 343 
period, 357, 310 
Clobuhn in milk, 525 
Goiter, 304 

Gorgonzola cheese, 615 
Grading up cattle, 235 
Grass 

amounts a cow will consume, 510 
composiUOQ of, 508 
silage, 492 

stage of maturity and composiUon, 509 
Gravity creaming, 570 
Grinding 
grain, 494 
roughage, 494 
Groonung, 354 
Growth 

breed as a factor in, 283 

changes with age, 278 

dcflniuon, 275 

effects of gestauon on, 284 

effects of Factauon on, 284 

effects of nutnuon, 284 

factors influcDung sexual matuntv, 285 

hutory of, studies, 275 
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Growth (continued) 
limits of, 283 
measures of, 279 
nature of, 276 
normal Sgures, 281 
periods, 276 
rate, 279 
size of calf, 283 
Guernsey, 132 
characteristics of, 132 
distribution of, 133 
herd classificatiOD, 138 
mUk, 132 
ongin of, 133 
records, 136 
registration, 136 
score cards, 184 
testing, 136 

Haccker*s feeding standard, 469 
Hairless lethal, 219 
Heat, effects upon milk, 535 
Heifers 

age at which to breed, 310 
concentrates for, 308 
cost of raising, 310 
feeding, 6 months to I year, 306 
feeding before calving, 311 
housing for, 309 
miner^ for, 307 
pasture for, 307 
raising, 306 
roughage for, 307 
summer feeding of, 308 
winter feeding of, 308 
Hemorrhagic Septicemia, 415 
Herd 
rule, 353 
tests, 398 

Heredity, influence upon milk, 224, 335 
Heterozygous, 197 
Kutory of dairying, 37 
Holstein-Fnestan, 108 
charactensucs of, 108 
distribution of, 112 
herd classification, 116 
milk, 111 
origin of, 111 
records, 114, 115, 116 
registration, U3 
score cards. 184 
{_^csung, 114, 115 
womogenizatioo, 585 
Homozygous, 197 
Hybnd and hybrid ratios, 197 

Ice cream, 628 

classificauon of, 629 
composition of, 628 
distribution of, 90 
homemade, 629 
ph>’sical properties of, 629 
plants, location of, 90 
principles of making, 630 
production, amounts, 90 


Impacted molars, 219 
Inamtion, effects upon milk, 347 
Inbreeding, 233 
measures of, 235 
Infantile diarrhea, 554 
Inheritance of 
activity, 223 
black spotting, 213 
capaaty for feed, 222 
color, 210 
color patterns, 212 
dominant white spotting, 213 
fat percentage, 226 
horns, 216 
lethal factors, 2l7 
milk and ttuIIt fat production, 224 
miscellaneous characters, 216 
mixture of colors, 21 1 
persistency, 226 
recessive white spotting, 212 
size, 222 

of tri»hybnd, 197 
twinning, 220 
type, 22/ 
udder size, 223 
vitality and vigor, 227 
Involution of nsammary gland, 323 
Iodine and goiter, 304 
Iodine requirements, 464 
Iron ID the ranon, 464 

Jersey, 119 

characteristics of, 119 
distribution of, 123 
herd classification, 135 
milk, 121 
origin of, 122 
records, 126 
registration, 125 
score cards, 184 
testmg, 125 

Kefir, 633 

Kerry, 170 

Kicking cows, 356 

King ventiiatmg system, 439 

Kohxnan test, 606 

Kumiss, 633 

I^bor costs of milk production, 404 
Laciolbumin in milk, 524 
Lactase, 528 
Lactometer, 566 
Lactose 

making, 633 
m milk, 525 
Lange-mclk, 634 
Legume 
ha>-s, 480 
pasture, 515 
silage, 492 
Lethais, 217 
Lice, 372 

Light in barns, 439 
Lxmburger cheese, 617 
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Linebreeding, 233 

Linkage, 199 

Linseed oil meal, 487 

Lipase m milk, 388, 527, 552, 601 

Loose housing, 443 

Magnesium m milk, 327, 526 
Mamtenance rcquircmcnu for dairy cows 
(Appendix Table 1) 

Majonmer Test, 566 
Malted milk, 625 
Mammary development, 187, 312 
Manure, 450 

amounts produced, 452 
composition of, 450 
fertilizing value of crops, 450 
losses m, 452 
preventing losses, 452 
value of, 450 
Market milk, 44 
costs, SO 
distribution, 53 
pnee-making methods, 56-62 
prices, 65 
processing, 52 
supply area, 44 
trans^rtation, 48 
Market milk, processmg of, 590 
distnbution, 590 
milk plant, 591 
transTCrtauon, 590 
itandardizauoa, 593 
tupervuiOQ, 594 

Market milk, producuon on the farm, 584 
certified millf, 589 
equipment for, 588 
fe<xl and water, 588 
healthy cows, 587 
housing, 588 
kinds of, 587 
sanitary methods, 589 
score cards for, 594 
Marking cattle, 388 
Masutu, 419 
hleat scraps, 488 

Kfcchanical separation, effect upon milk. 

M e di c ine cabinet for the dairy, 410 
Mendclum, 196 

Methylene blue reduction test, 568 
Microorganisms, chcnucal physical 
requircmcmi, 544 
food supply, 544 
hydrogen acuvity, 548 
zDouturc, 546 
osmouc pressure, 548 
oxygen, 546 

Microorganums, desirable fermentauons. 

549 

aadophilus tnillc, 550 
butter cultures, 549 
cheese making, 550 
cultured cream, 550 
Microorganisms, sources of, $41 


Microorganisms (continued) 
attendants, 544 
equipment, 542 
feeds, 543 
stable, 544 
udder, 543 
water, 544 

Microorganisms, undesirable fermenta' 
tions, 550 
bitter ^vors, 551 
discolorations, 552 
fishy flavors, 552 
fruity flavors, 552 
gas formers, 551 
putrefactive, 552 
ropmess, 551 
sourmg, 550 
sweet curdling, 551 

«MUk, chemical and physical propeities, 
529 

boihng point, 531 
chemical constants, 534 
chemical reaction, 529 
colloidal material, 529 
composition of, 519 
cream ruing, 533 
(at globules, 529 
freezing pomt, 530 
physic^ constants of milk fat, 534- 
spmfic gravity, 530 
speafic heat, 531 
substances coarsely dispersed, 529 
surface tension, 532 
viscosity, 532 
Milk constituents, 519 
butterfat, 520 
casern, 524 
cholesterol, 523 
enzymes, 527 
fatty aads, 520 
gases, 528 
globulin, 525 
lactose, 330, 525 
lactalbumin, 330, 524 
minerals, 327, S26 
nitrogen compounds, 329, 525 
phospholipids, 523 
pigments, 523, 527 
vitamins, 523 

^Milk, factors influencing quantity and 
quabty, 335 
age, 344 
bitter nulk, 338 
breed, 335 

condiUon of cow at calving, 341 
digesuve duturbances, 332 
drugs, 349 

feed effects upon fat, 347 
feed effects upon other milk consotu- 
enls, 347 
iced flavors, 349 
first and last drawn milk, 341 
gestation, 343 
heredity, 335 
inanuioD, 347 
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Milk {conltniud) 

interval bctuccn milkings, 340 

length of dry penod, 342 

mastitis, 351 

normal vanations, 335 

number of milkmgs per day, 338 

oestrum, 344 

parturition, 338 

season, 345 

S12C, 345 

stage of lactation, 336 
variations between quarters, 341 
Milk ducts of udder, 315 
^M^k fever, 364 
'^Iilk secretion 

blood consutuents m rmik, 327 
blood precursors, 327 
fat, 328 

letting down of miltr^ 330 
mmcrals, 328 
pressure and, 326 
protein, 329 
resorption of milk, 334 
sugar, 330 
Uieones of, 324 
time of, 326 
hlilk souring, 550 
Milk supply 
by products, 41, 42 
characteristics of supply, 31 
consumption, 36 
cost, 33 
quality, 33 
salutation, 47 
use of, 35 

. ,')^bole milk for calves, 286 
385 

before calving, 367 
care in, 365 

ingestion of uddei3, 363 
hard milkers, 367 
heifers, 367 
intervals between, 340 
labor required for, 373 
letting down of nulk, 330 
machine, 373 
methods of, 366 
nulk fever, 364 ' 

number of milkmgs per day, 339 
stripping, 372 ^ 

369 

bulking machines, 373 
care of, 381 

clcamng the, 333 

“mpanson with hand rmlkmg, 377 
economy of, 381 ° 

upon quahty of milk, 380 
lustory of, 373 ' 

slnppmg, 377 
types of, 375 
udder diseases and, 380 
V J parlors, 445 

Shorthorn. 152 
®,ftensucs of, 152 
mstnbuuon of, 155 


Milkmg Shorthorn (continutd) 
ongin, 153 
records, 155 
score cards, 156-58 
hlincral rcqmrement of calves, 288 
Almerals 
in mtllf, 526 
m the ration, 459 
Minnesota Batiock Test, 564 
Molasses, 487 
hfolds, 541 
Mutations, 199 

Net energy in feeds, 457 
Neufchatcl cheese, 616 
Neutraiizatioa of cream, 605 
Night blmdness, 217 
Nitrogen compounds m milk, 329, 525 
Nonlegummous hay, 481 
Notched ears, 216 

in^^ous feed stuffs (Appendix 

Nutrients required for milk production 
(Appendix Table II) 

NutnQoD and dairy type, 285 
Nutritional requirements of cows, 456 

Oat by products, 486 
Oats, 484 

Oestrum, effect upon milk, 344 
Oestrus cycle, 357 
Official Test, feedmg for, 504 
Offiaal Tests, 397 
Oogenesis, 194 
Outcrossmg, 233 

OxidanoD, effect upon milk fat, 536 

Palatability of feeds, 474 
PartunUon, effect upon nulk, 338 
'■PSsteunzation, 555, 582 
m bottles, 583 
m coil vats, 582 
cooling after, 585 
of cream, 605 
defiruUon, 582 
effect upon milk, 535, 585 
flash process, 584 
m glass Imed tanks, 582 
bolding process, 582 
of milk for calves, 298 
spray vats, 583 
Pasture, 508 
alfalfa for, 515 
for calves, 299 
composiuon of, 503 
concentrates for, 514 
crops, 515 
emergency, 518 
legume, 515 
management of, 512 
nulk yields from, 511 
supplements to, 513 
sweet clover, 515 
Peas, 485 

Pedigree, %alue in breedmg, 204 
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Peroxidase, 528 
Phosphatase test, 5^9 
Phospholipids m muk, 523 
Phosphonis reqmrcmciits {ut dso Ap- 
pendix Table HI), 4d0 
Ph>-si^ and ph>siolc^cal acunties of 
covis, 352 

Ph)-sical constants of milk fat, 534 
Pigments m milk, 523, 527 
Pi^ c>c, 416 
Foeumonia m calves, 303 
Poisonous feeds, 473 
Polydactlly* 217 

Pregnancy and udder development, 321 
Fnmost, 617 

Production record of dam, % alue in breed- 
ing, 202 

Progeny tests, 203 
Proteatr, 527 
Protein in the ration, 458 
Pumpkins, 487 
Purebred dairy cattle, 268 
advertising, 271 
business, 268 

companson v>-itb grades, 269 
defixuuon, 1Q6 
desirability of breeding, 269 
naming, 272 
numb^ 268 
public sale ot 271 
reguUrauca of, ZTO 
testing of, 272 

Putrefactive fermentatioas, 552 


Recessive factors, 196 
Resooshtuted dned ^26 
Recor d keeping 
bam bMks7391 
Cow Testmg Assoaauoni. 394 
fat record, 390 
herd recerd system, 391 
herd tests, 398 
milk record, 389, 399 
milk sheet, 390 
oiTioal testing, 397 
owner samplmg, 399 
Red Danes, 171 
Red Polled, 159 
charactcmtics of, 159 
distribution of^ 161 
ongiaof. ICO 
records, 162 
scorecards. 162-165 
Reductase, 528 

Regularity in managing cons, 354 

Rcnnin, CQ9 

Rcit poiod, 360 

Resting she^ 443 

Ringv.x)na on calves, 304 

Rjpcniag cream, 605 

Roese-Cottheb Test, 565 

Roots, 487 

Ropy milt, 551 

RcKjucfcet cheese 615 


Rougb^e 

classimtatiOTi 480 
concentrates with, 499 
high protem, 499 
low protein, 500 
only feed, 502, 503 
Rules for feeding, 498 
Rutherford ventilating s}'steni, 439 
R>c, 484 


Sale requirements of cattle, 459 
Samp lirtg milk and cream, 557 
Sanitaoon and market mill^ 589 
Scarlet fever, 554 
Schaidmger’a Test, 569 
Scours 

common, 301 
infections, 302 
Screenings, 487 
Screw tad, 216 

Seasonal vanauoii in milk production 
costs, 407 
Selection of cowt 
by appearance, 182 
by pt^gree, 181 
by producooD records, 181 
Semisolid buttermilk, 618 
Separanon, 570 
factors mSueoexog, 575 
pnocsple of, 572 
Separator 

causes of ineffiaesey, 576 
centnfugal, 571 
Scpac son throat, 554 
Sex cells, 193 
Short spine lethal, 218 
Shredding rougbi^c, 495 
Sdage 

adv-antages of, 489 
beet lop, 494 
com, 492 

disadvantages of, 490 
grass, 492 
legume, 492 
requiranests of^ 490 
nmOower, 493 
value of, 492 
Silage for calvxs, 299 
Silage making, 489 
aad preaervatioa, 489 
natu^ fermentation, 489 
preservation with molaitrt, 489 
'okim mdk 

coEopoBtioa of, 294 
dned, 94 

dned, for calves, 296 
for caJvcs, 293 
for cows, 483 
products, 94 
test for fat, 559 
Soaking feeds, 495 

Sodium chloride requirement of calves, 
289 

Soilage cropt,S13 
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Sorghum 
grains, 484 
silage, 492 

Soybean oil meal, 487 
Soybeans, 485 

^cafic gravity of milk, 530 
'‘-SjJcafic heat of milk, 531 
Spermatogenesis, 194 
Spray process of drying, 624 
Spring versus fall calves, 299 
Stalls, 436 

'^landardizauon of milk, 593 
Stcnlitymcows, 359 
Stcnlmng 

rack for milkmg machines, 383 
solution, 383 
Storch Test, 569 
Stovers, 482 
Stra\\-s, 482 

Sucailencc m the raUon. 474 
Sucking cows, 357 
Suitability of the raUon, 472 
Sunflower silage, 493 
Suf^heated condensed milk, 618 
Surface tension of milk, 533 
Sweet clover, 515 
Sweet curdling, 551 
Swiss cheese, 614 

Tankage, 488 
Teats 

leaking, 368 
«ore teats, 368 
structure of, 314 
warts on, 369 
Tesu for butter, 606 
Tesung, 557-569 
aadiiy, 567 
^cohol test, 568 
Arnold Test, 566 
wbcock Test, 559 

centnfuge for, 551 
"cam, 562 
lactometer m, 566 
Majoi^er Test, 566 
“ethylene blue, 568 

S^bc'xJ^Tcst, 564 
Pnosphatasc test, 569 
preservauves m, 558 
R^e-Gottheb Test, 565 
sampling for, 557 
*^ardingcr>8 Test, 569 
sediment, 567 

milk, 563 
Storch Test, 569 
snyroprotein. 350 


Training horns, 355 
Transportation of milk, 590 
Tnchomonad disease, 415 
Tnmmmg hoofs, 355 
Tuberculosis, 413, 553 
Tubers, 487 
Twinning, 220 
Typhoid fever, 554 


Udder development 
and pregnancy, 321 
causes for, 322 
cmbryologic, 319 
evolution of, 312 
involution, 323 
Udders 

congestion of, 363 
defects of, 189 

inhented abnormality of, 217 
mastitis, 419 

quality of and inhcntancc, 187. 
shape of, 187, 313 
st2c of and inheritance, 223 
source of bacteria, 543 
structure of, 314 
Undulant fever, 553 
Unit character, 196 


Variation and mhcntance, 197 
Veal production, 300 
Velvet beans, 485 
Ventilation m bams, 439 
Viaousness in cows, 357 
Viscosity of mill, 532 
Vitamin 
A in milk, 523 
requirements of calves, 289 
rcquircmcnu of cattle, 465 
Vitamins in null, 348 


Warts 

on calves, 304 
on teats, 369 

Water requirements of cows, 471 
Wheat, 484 
bran, 485 
by-products, 485 
germ oil m^, 486 
middlings, 486 
Whey, 99, 617 
as feed for calves, 295 
fat test for, 563 
Wry tail, 217 


Yeghurt, 634 
Yeasts, 540 


Zygote, 194 



